Cyclical Components in Economic Time Series: a Bayesian Approach by Harvey, Andrew C. et al.
&KDQJLQJ&RUUHODWLRQDQG3RUWIROLR
’LYHUVLILFDWLRQ)DLOXUHLQWKH3UHVHQFHRI/DUJH
0DUNHW/RVVHV
$OHVVLR6DQFHWWDDQG6WHYH(6DWFKHOO
0DUFK
&:3(
1RWWREHTXRWHGZLWKRXWSHUPLVVLRQ
)U*U@* UL4TL?i?|t ? iUL?L4U |4i tihitG @
@)it@? @TThL@U
?_hi  O@hi)dc AL4@t  Ah4Mhdc Oih4@? k @? #!e
d @4Mh_}i N?iht|)c 6@U*|) Lu ,UL?L4Ut @?_ L*|Ut
e ,UL?L4i|hU W?t|||ic ,h@t4t N?iht|)
U|LMih 2Hc 2ff2
Devwudfw
F|folfdo frpsrqhqwv lq hfrqrplf wlph vhulhv duh dqdo|vhg lq d
Ed|hvldq iudphzrun/ wkhuhe| doorzlqj sulru qrwlrqv derxw shulrglf0
lw| wr eh xvhg1 Wkh phwkrg lv edvhg rq d jhqhudo fodvv ri xqrevhuyhg
frpsrqhqw prghov wkdw doorz uhodwlyho| vprrwk f|fohv wr eh h{wudfwhg1
Srvwhulru ghqvlwlhv ri sdudphwhuv dqg vprrwkhg f|fohv duh rewdlqhg xv0
lqj Pdunry fkdlq Prqwh Fduor phwkrgv1 Dq dssolfdwlrq wr hvwlpdwlqj
exvlqhvv f|fohv lq pdfurhfrqrplf vhulhv looxvwudwhv wkh yldelolw| ri wkh
surfhgxuh iru erwk xqlyduldwh dqg elyduldwh prghov1
NH\ZRUGV= Edqg sdvv owhu/ Jleev vdpsohu/ Ndopdq owhu/
Pdunry fkdlq Prqwh Fduor/ vwdwh vsdfh/ xqrevhuyhg frpsrqhqwv1
MHO fodvvlfdwlrq= F44/ F65/ H65
 W?|hL_U|L?
#iUL4TLt?} |4i tihit ?|L |hi?_t @?_ U)U*it t u?_@4i?|@* |L @ }LL_ _i@*
Lu 4@UhLiUL?L4U @?@*)tt Ai OL_hU!hitUL|| EO *|ih t Lu|i? ti_
|L _i|hi?_ tihit M| @t tL? ? O@hi) @?_ a@i}ih Ebb @?_ L}*i) @?_
@tL? EbbDc t?} | ?@TThLTh@|i*) U@? hit*| ? |i Uhi@|L? Lu tThLt
U)U*it Ai t@4i t |hi Lu |i M@?_ T@tt *|ih hiUi?|*) ThLTLti_ M) @ |ih
@?_ k?} Ebbb uLh i |h@U|?} U)U*U@* 4Li4i?|t Lih |i h@?}i |L |L |i?
)i@ht( tii hh@) E2ff2

O@hi) @?_ a@i}ih Ebb @h}i_ |@| _i|hi?_?} t Mit| @UUL4T*ti_ M)
||?} @ t|hU|h@* |4i tihit 4L_i* UL?tt|?} Lu |hi?_c U)U*i @?_ hhi}*@h
?LMtihi_ UL4TL?i?|t Ai 4L_i* t it|4@|i_ ? t|@|i tT@Ui uLh4 |
|i UL4TL?i?|t i |h@U|i_ M) |i k@*4@? *|ih @?_ @ttLU@|i_ t4LL|ih
OLiihc ||?} |i 4L_i* |L tihit *!i B# t@**) hit*|t ? |i hhi}*@h
UL4TL?i?| _t@TTi@h?} | |i hit*| |@| |i U)U*i t ^|i ?Lt) AL
LihUL4i |t ui@|hic O@hi) @?_ Ah4Mh E2ff2 ?|hL_Ui_ @? i |i?_i_
U*@tt Lu U)U*U@* UL4TL?i?|t Ai }ih Lh_ih U)U*it ? |t U*@tt )i*_
4T*U| *|iht |@| UL?Ui?|h@|i L? i |h@U|?} hi*@|i*) 4Lhi TLih uhL4 @
?@hhLih M@?_ Lu uhi^i?Uit Lhi } uhi^i?U) ?Lti t uLhUi_ ?|L |i
hhi}*@h |ihiM) )i*_?} @ t4LL|ih U)U*i ? _i@* M@?_ T@tt *|ih i4ih}it
@t @ *4|?} U@ti
Ai T@h@4i|iht ? t|hU|h@* |4i tihit 4L_i*t @hi t@**) it|4@|i_
M) 4@ 44 *!i*LL_ Ew t?} |i k@*4@? *|ih O@hi) @?_ Ah4Mh
E2ff2 uL?_ |@| |t Lh!t i** uLh tihit *!i ?it|4i?| ihi |i U)U*i
t ThL?L?Ui_ OLiihc _U*|it ihi i Tihi?Ui_ | B#c ? |@| |i
*!i*LL_ thu@Ui Lu|i? @TTi@hi_ |L i M| hhi}*@h|it |ihiM) hit*|?}
? 4T*@tM*i T@h@4i|ih it|4@|it Wu |i TihL_ Lu |i U)U*i @t  i_c @?
@UUiT|@M*i U)U*i UL*_ Mi i |h@U|i_c M| 4@!?} tU @ t|hL?} hit|hU|L? t
?L| @*|L}i|ih _ith@M*i At i Tihi?Ui ThL_it @? ?Ui?|i uLh i T*Lh?}
@ @)it@? @TThL@U 5?Ui ThLh ?uLh4@|L? L? |i TihL_t *!i*) |L U@h@U
|ihti Mt?itt U)U*it t hi@_*) @@*@M*ic | 4@) Mi ti_ |L UL?t|hU| @ ThLh
_t|hM|L? uLh |i uhi^i?U) T@h@4i|ih ? |i U)U*U@* UL4TL?i?| hLh
?uLh4@|L? L? L|ih T@h@4i|iht 4@) @*tL Mi ti_c |L} |t ** |)TU@**)
Mi h@|ih 4Lhi @}i
Ai @)it@? @TThL@U t 4T*i4i?|i_ M) @_@T|?} @ @h!L U@?
L?|i @h*L E @*}Lh|4 uLh |i UL4T|@|L? Lu TLt|ihLh @?_ Thi
_U|i _t|hM|L?t At *i@_t |L |i UL4T*i|i _t|hM|L? Lu |i U)U*U@*
UL4TL?i?| @?_ @**Lt |i UL4T|@|L? Lu 4@h}?@* TLt|ihLht Lu |i |hi?_
@?_ U)U*U@* UL4TL?i?| @| _gihi?| TL?|t ? |4i L?_i?Ui M@?_t U@?
Mi UL?t|hU|i_ @hL?_ U)U*U@* it|4@|it @?_ @ uLhiU@t| _t|hM|L? uLh |i
U)U*U@* UL4TL?i?| Thiti?|i_
@)it@? |hi@|4i?| Lu ?LMtihi_ UL4TL?i?|t |4i tihit 4L_i*t @t
?L|c |L |i Mit| Lu Lh !?L*i_}ic Mii? UL?Uih?i_ | U)U*it 6hih|
5U?@||ih Ebbe @?_ kLLT @?_ @? #! E2fff @?@*)ti |hi?_t @?_ ti@tL?@*t
? @hLt 4@UhLiUL?L4U tihitc *i Ltc @ic @?_ @? #! E2fff
_itUhMi @ @)it@? @TT*U@|L? Lu |4i@h)?} L*@|*|) @?_ i@) |@*t
t?} _@*) ?@?U@* _@|@ Ai |hi@|4i?| Lu U)U*it *i@_t |L @ ?4Mih Lu ?i
2
|iU?U@* ttit U i @__hitt ? |t T@Tih
Ai T@Tih t @hh@?}i_ @t uL**Lt 5iU|L? 2 _itUhMit |i i |i?tL? Lu
|i U*@tt Lu t|hU|h@* |4i tihit 4L_i*t |L ?U*_i }ih Lh_ih U)U*U@*
UL4TL?i?|t Ai @)it@? |hi@|4i?| t _ii*LTi_ ? tiU|L? c *i tiU|L?
e **t|h@|it |i 4i|L_t | @TT*U@|L?t |L tL4i N5 4@UhLiUL?L4U tihit
Ai 4i|L_t @?_ @TT*U@|L? @hi i |i?_i_ |L M@h@|i 4L_i*t ? tiU|L? D
5iU|L? S UL?U*_it AiU?U@* _i|@*t L? |i t|@|i tT@Ui uLh4 @?_ |i
@h!L U@? L?|i @h*L @*}Lh|4 @hi *@_ L| ? |i @TTi?_ 
2 )U*U@* @?_ |hi?_ UL4TL?i?|t ? |4i ti
hit
‘i UL?t_ih @ U*@tt Lu ?LMtihi_ UL4TL?i?| EN 4L_i*t ? U |i
LMtih@|L?tc +|c | ’ c c A @hi 4@_i T Lu @ ?L?t|@|L?@h) |hi?_ UL4TL?i?|
>6c|c @ U)U*U@* UL4TL?i?| ?c|c @?_ @? hhi}*@h |ih4 0| AtG
+| ’ >6c| n ?c| n 0|c | ’ c Ac E
ihi |i hhi}*@h t |i ?Ltic |@| t 0| ‘Efc j20c |i 6 | Lh_ih
t|LU@t|U |hi?_ t
>c| ’ >c|3 n l|c l| ‘Efc j2l E2
>c| ’ >c|3 n >3c|3c  ’ 2c c6 E
*i |i ? | Lh_ih U)U*i t _i?i_ M)

c|
Wc|

’ 4

ULtbS t?bS
 t?bS ULtbS
 
c|3
Wc|3

n

V|
VW|

c Ee
V|
VW|

 ‘

f
f

c

j2V f
f j2V


c|
Wc|

’ 4

ULtbS t?bS
 t?bS ULtbS
 
c|3
Wc|3

n

3c|3
W3c|3

c  ’ 2c c ? ED
Ai T@h@4i|ih bS _i?L|it uhi^i?U) ? h@_@?t *i 4 t @ _@4T?} u@U|Lh
*)?} Mi|ii? 3ihL @?_ L?i( u | t i^@* |L L?ic |i U)U*i t ?L?t|@|L?@h)

Ai _t|hM@?Uit _h?} |i |hi?_ @?_ U)U*i @hi @tt4i_ |L Mi ?ULhhi*@|i_
| i@U L|ih @?_ | |i hhi}*@h Ai tTiUU@|L? ? E t i**t|i_
uLh |hi?_U)U*i _iUL4TLt|L?tc M| |i 4L_i* U@? Mi i@t*) @}4i?|i_c uLh
i @4T*i M) @__?} @ ti@tL?@* UL4TL?i?|
Ai tiUL?_Lh_ih |hi?_c 6 ’ 2c t @? ?|i}h@|i_ h@?_L4 @*!( tii O@hi)
EbHbc k|@}@@ @?_ BihtU EbbSc @?_ vL?} EbHe At t |i t@*
ULUi t?Ui | ThL_Uit hi*@|i*) t4LL| |hi?_t |@| @**L @ U)U*i |L Mi
tiT@h@|i_ L| 4Lhi i@t*)
Ai ?| Lh_ih t|LU@t|U U)U*i ?c| @t TihL_U 4Li4i?|t Ui?|ihi_
@hL?_ @ uhi^i?U) Lu bS Ai t|LU@t|U 4Li4i?|t t|i4 uhL4 |i |L
_t|hM@?Uitc V| @?_ V
W
| ? Ee 5TThitt?} V
W
| ? |i 4L_i* tTiUU@|L?
)i*_t @ U*@tt Lu M@?_ T@tt *|iht |@| }i?ih@*tit |i ||ihLh| U*@tt Lu
*|iht( tii BL4i3 E2ff @?_ O@hi) @?_ Ah4Mh E2ff2 OLiihc Lh
Thiuihi?Ui ihi t |L Lh! | |i M@*@?Ui_ uLh4< Lu Ee( uLh ? ’  |t
t _i?|U@* |L |i t|LU@t|U U)U*i ? EO@hi) bHbc T b @?_ @?@*)|U@*
i ThittL?t uLh !i) ThLTih|it @hi @@*@M*i uLh @** ? Aihi tc uLh ?t|@?Uic
@ UL4T*i|i U*Lti_uLh4 i ThittL? uLh |i UL@h@?Ui 4@|h Lu |i U)U*U@*
t|@|i( tii @TTi?_  @?_ Ah4Mh E2ff2 uLh _i|@*t At t hi^hi_ uLh
?|@*t?} |i k@*4@? *|ih @?_ ? |i @)it@? @TThL@U | T*@)t @ !i)
hL*i ? |i BMMt t@4T*ihc @t | @giU|t |i uLh4 Lu |i UL?_|L?@* TLt|ih
Lht #hiU| UL4T|@|L? t 4TLh|@?| @t | @L_t |i ?ii_ uLh @ *@h}i 4@|h 
?ihtL? i? ? t M}
Ai @h@?Ui Lu |i U)U*ic j2c t i^@* |L j
2
V*E 42 uLh ? ’  @?_
j2 ’
E n 42
E 42j
2
V ES
uLh ? ’ 2 Ai @|LULhhi*@|L? u?U|L? uLh ? ’ 2 t
4E ’ 4 ULtEbS

 n
E 42
 n 42


c  ’ fc c 2c 
@t UL4T@hi_ | 4E ’ 4 ULtEbS ? |i ht| Lh_ih 4L_i*
?@*)tt ? |i uhi^i?U) _L4@? ThL_it UL4T*i4i?|@h) ?t}| @ML|
TihL_U Mi@Lh W| t tL? ? Ah4Mh E2ff2 |@| |i tTiU|h@* _i?t|)
uLh |i tiUL?_ Lh_ih U)U*U@* t
sEb ’
E 42 E?f n ? ULtbn ?2 ULt 2b
E n 42 E_f n _ ULtbn _2 ULt 2bn _ ULt bn _e ULt eb
E.
e
ihi |i ULiUi?|t Lu |i |ih4t ? |i ?4ih@|Lh @?_ _i?L4?@|Lh @hi
}i? M)G
?f ’  n e4
2 n 4ec ? ’ e4E n 42 ULtbSc ?2 ’ 242 ULt 2bS
_f ’ E n e4
e n 4H n S42 ULt2 bSE n 4
2E n ULt2 bS n 4
2
_ ’ H4 ULtbSE n 242 n 24e n 4S n e42 ULt2 bSE n 42
_2 ’ e4
2EE n 4e n 2 ULt2 bSE n e4
2 n 4ec
_ ’ H4 ULtbSE n 42c _e ’ 24e
Ai ULhhitTL?_?} hit*| uLh ? ’  t
sEb ’
E 42 E n 42  24 ULtbS ULtb
 n 4e n e42 ULt2 bS  e4E n 42 ULtbS ULtbn 242 ULt 2b EH
6}hi  tLt |i tTiU|h@* _i?t|) uLh ht| @?_ tiUL?_ Lh_ih ThLUittit
| bS ’ Z*ec 4 ’ fb t ? ?Uhi@titc |i tTiU|h4 MiUL4it t@hTih @?_
4Lhi UL?Ui?|h@|i_ ? @ M@?_ @hL?_ bS W? }hi 2c |i tiUL?_ Lh_ih U)U*i
@t 4 ’ fHc *i |i _@4T?} u@U|Lh uLh |i M@tU U)U*ic ? ’ c hi4@?t
 i_ @| fb Aihi t ?L @ UL4Ti?t@|?} igiU| tL |@| |i i}| Lu |i
Ti@! t @ML| |i t@4ic M| |i tTiU|h@* t@Ti uLh |i tiUL?_ Lh_ih ThLUitt
t tU |@| |ihi t 4Lhi 4@tt ? |i Ui?|hi @?_ *itt ? |i |@*t W?Uhi@t?}
? uh|ihc | @ ULhhitTL?_?} hi_U|L? ? 4c *i@_t |L uh|ih 4Li4i?|t
? |t _hiU|L?
Ai t|@|t|U@* |hi@|4i?| Lu |i 4L_i* t M@ti_ L? |i t|@|i tT@Ui uLh4
Ai *!i*LL_ u?U|L? t UL4T|i_ ? |i Thi_U|L? ihhLh _iUL4TLt|L?
uLh4 t?} |i k@*4@? *|ih @ 44 *!i*LL_ it|4@|L? t U@hhi_
L| M) ?4ihU@* 4@ 4t@|L? | hitTiU| |L |i ?!?L? T@h@4i|ihtc
j2l c j
2
Vc j
2
0c 4 @?_ bS ?Ui |t @t Mii? _L?ic |i |hi?_ @?_ U)U*i 4@) Mi
i |h@U|i_ M) |i t4LL|?} @*}Lh|4( tii O@hi) @?_ Ah4Mh E2ff2 uLh
uh|ih _i|@*t
D
0.25 0.5 0.75 1 1.25 1.5
O
0.5
1
1.5
2
2.5
3
f +O/
Basic
Second
6}hi  5TiU|h@* _i?t|) Lu U)U*U@* UL4TL?i?|t uLh ? ’  @?_ 2c | |i
T@h@4i|ih 4 ti| |L fb
0.25 0.5 0.75 1 1.25 1.5
O
0.5
1
1.5
2
f +O/
Basic
Second
6}hi 2 5TiU|h@* _i?t|) Lu U)U*U@* UL4TL?i?|t uLh ? ’  | 4 ti| |L fb
@?_ uLh ? ’ 2 | 4 ’ fH
S
 @)it@? |hi@|4i?|
Ai |hii @h@?Ui T@h@4i|iht @?_ |L U)U*U@* T@h@4i|iht @hi @hh@?}i_ ?
|i iU|Lh w ’ ij2l c j2Vc j20c 4c bSj Ai 4L_i* t @tt4i_ |L @i B@tt@?
_t|hM@?Uit |hL}L| Bi? @ t@4T*i t ’ i+c c +Ajc i tTiUu) |i
*!i*LL_ Bi? @ ThLhc tTiUi_ Mi*Lc i LM|@? |i TLt|ihLh Ai }L@*
t |L @?@*)3i |i ThLTih|it Lu |i TLt|ihLh _t|hM|L?c REwmt  5?Ui |t t
?L| @ 4i4Mih Lu @ U*@tt Lu _i?t|it U @t !?L? @?@*)|U@* ThLTih|itc
| t UL4T|i_ M) @ @h!L U@? L?|i @h*L hL|?i ? Lihi t
ThL_i_ ihi @?_ _i|@*t @hi }i? ? @? @TTi?_  Ai 4i|L_ ThL_Uit
t4LL|i_ it|4@|it Lu |i U)U*i @t @ M)ThL_U|
‘i t|@h| M) t44@ht?} |i i*U|@|L? Lu ThLht Ai _hiU| ?|ihThi
|@|L? Lu |i U)U*i T@h@4i|ihtc bS @?_ 4c 4@!it | t|h@}|uLh@h_ |L _it}?
t|@M*i ThLht( |i) @hi *?!i_ |L iUL?L4U ?||L? @?_ ThiLt i Tihi?Ui
Lu 4L_i**?} Mt?itt U)U*it Ai uhi^i?U) bS t Lu T@h|U*@h ?|ihit| @?_
|i TihL_c 2Z*bSc t @?|UT@|i_ |L *i ? |i ?i}MLhLL_ Lu i )i@ht 
t|@?_@h_ Ti@!i_ _t|hM|L? uLh bS U@? hiiU| |t i TiU|@|L?  Th@U|U@*
h@|L?@*i uLh t?} ?uLh4@|i ThLht t |@|c uLh @ 4L_ih@|i t3i t@4T*ic |i
*!i*LL_ thu@Ui 4@) Mi ?t@**) @| ? tL4i hi}L?t tL |@| | MiUL4it
_U*| |L it|4@|i @ hi@tL?@M*i U)U*i( O@hi) @?_ Ah4Mh E2ff2 uL?_
|t |L Mi |i U@ti i? 4L_i**?} N5 B# | @ tiUL?_Lh_ih U)U*i
6Lh ^@h|ih*) 4@UhLiUL?L4U _@|@c i UL?t_ih ThLht uLh bS Ui?|hi_
@hL?_ 2Z*2fc M@ti_ L? |i U*@tt Lu Mi|@ _t|hM|L?t( tU ThLht @hi ih)
i M*i @?_ @hi i@t) |L Lh! | @?@*)|U@**)( tii }hi  Ai *i@t| ?uLh
4@|i ThLh ULiht @ _i h@?}i Lu uhi^i?Uitc *i |i t@hTit| _i?t|)
uLUtit @||i?|L? ?@hhL*) @hL?_ @ TihL_ Lu i )i@ht 6Lh |iU?U@* _i|@*t
L? |i ThLhtc tii |i @TTi?_ 
.
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
5
10
15
20
25
30
Frequency priors
Density
frequency
Sharp 
Intermediate 
Wide 
6}hi G i|@M@ti_ ThLht L? bSc | 4i@? i^@* |L 2Z*2f Ei)i@h
TihL_ uLh ^@h|ih*) _@|@
Ai T@h@4i|ih 4 t *?!i_ |L |i Lh_ih Lu |i U)U*i W? |i ht| Lh_ih U@ti
4 t |i h@|i Lu _iU@) Lu |i U)U*ic M| uLh }ih Lh_iht |i ?|ihThi|@|L?
Lu 4 U@?}it tL4i@| tL |@| _gihi?| @*it @hi @TThLTh@|i( |t t |i
TL?| 4@_i M) }hi 2 OLiihc t?Ui |i ThiUti uLh4 Lu |i hi*@|L?tT
Mi|ii? 4 @?_ ? t ?L| U*i@hc i ti @ ?uLh4 ThLh L? 4 Lih |i ?|ih@*
dfco
6Lh @** |hii @h@?Uitc ?_iTi?_i?| ?ih|i_ }@44@ _i?t|it ihi ti_c
| t@Ti @?_ tU@*i ti| |L f3. @?_ f3ec hitTiU|i*) Aiti ThLht @hi
itti?|@**) ?L??uLh4@|ic @?_ |i ti Lu |i ?ih|i_ }@44@ i?thit ThLTih
TLt|ihLht
i |c i t44@hti |i i@*@|L? Lu |i *!i*LL_ @?_ TLt|ihLh Lu Lh
?LMtihi_ UL4TL?i?|t 4L_i* t ?Lh4@*|) Lu |i _t|hM@?Uit t @tt4i_c
|i *!i*LL_ u?U|L?c uEw(t c U@? Mi i@*@|i_ uLh @?) Tih4ttM*i @*i Lu
w t?} |i k@*4@? *|ih At hi*it L? |i Thi_U|L? ihhLh _iUL4TLt|L?
@t _itUhMi_ ? O@hi) EbHbc T 2S ‘| @? @TThLTh@|i ?|@*t@|L?c
|i _i?t|) Lu t }i? w t 4*|@h@|i B@tt@?
Ai TLt|ihLh REwmt  t ThLTLh|L?@* |L |i ThL_U| Lu |i ThLh @?_ *!i
*LL_ OLiihc |i i ThittL? uLh |i ThL_U| REwuEw(t  _Lit ?L| hiT
hiti?| |i !ih?i* Lu @ !?L? _t|hM|L? Ai ?Lh4@*3?} UL?t|@?| Ei^@*
|L |i 4@h}?@* *!i*LL_ hi^hi_ uLh i@*@|?} |i TLt|ihLh Lh_?@|i t
H
?L| !?L? ? |ih4t Lu i*i4i?|@h) u?U|L?t E*!i
s
2Z ? |i U@ti Lu |i
?Lh4@* _t|hM|L?  t|h@|i}) t ?ii_i_ uLh @?@*)3?} |i ThLTih|it Lu
REwmt  ‘| @ i_4i?tL?@* T@h@4i|ih iU|Lhc  4i|L_t Lgih
@? iUi?| @) |L t@4T*i ETti_Lh@?_L4 T@h@4i|ih _h@?}t uhL4 |i
TLt|ihLh At 4@) Mi ti_ |L ThL_Ui _h@?}t Lu hi}*@h u?U|L?t Lu
|i T@h@4i|iht At ?|i t@4T*i hit*|t L? TLt|ihLh 4L4i?|t 4@) Mi
UL4T@hi_ | w it|4@|it
Ai  4i|L_ @*tL ThL_Uit _h@?}t uhL4 |i L?| _i?t|) Lu |i
|L ?LMtihi_ UL4TL?i?|tc |i U)U*i @?_ |hi?_c Lih |i t@4T*i TihL_
Aiti }_4i?tL?@* @h@|itc UL?_|L?@* L? |i _@|@c U@? Mi ti_ |L
UL4T|i @ @)it@? @?@*L}i Lu |i U*@ttU@* t4LL|ih Ai) uLh4 T@h| Lu
|i BMMt t@4T*ih @?_ ?L @__|L?@* igLh| t hi^hi_ |L LM|@? |i4
54LL|i_ it|4@|it Lu |i U)U*i @hi LM|@?i_ M) @ih@}?} Lih _h@t
*@ttU@* it|4@|it ULhhitTL?_ |L |i UL?_|L?@* 4i@? Lu |i U)U*U@* UL4
TL?i?|c }i? |i t@4T*ic @tt4?} |i T@h@4i|iht @hi  i_ @| it|4@|i_
@*it Ai @)it@? t4LL|ih ?ULhTLh@|it T@h@4i|ih ?Uih|@?|) E|i
T@h@4i|ih iU|Lh t ?|i}h@|i_ L| @?_ @UUL?|t uLh ThLh !?L*i_}i @ML|
|i TihL_ t uLh |i T@h@4i|ihtc _h@?}t Lu hi}*@h u?U|L?t Lu |i UL4
TL?i?|t Lih |i t@4T*i @hi _hiU|*) LM|@?i_ At i?@M*it ThLTih|it Lu |i
|4i@h)?} U)U*ic tU @t @4T*|_ic |L Mi t|_i_
i |c i Mhi) _tUtt 4L_i* i@*@|L? ? Lh @)it@? @TThL@U W?
Th@U|Uic 4L_i*t @hi UL4T@hi_ M@ti_ L? @ T@h|U*@h t@4T*i +c U hiThi
ti?|t @ _h@ uhL4 @ 4@h}?@*c Lh ?UL?_|L?@*c _i?t|) 6Et  Lih @** TLt
tM*i hi@*t@|L?t t  Ai Thi_U|i _i?t|) 6Et  tLt |i ThLM@M*|it
@ttLU@|i_ | )TL|i|U@* t@4T*itc MiuLhi |i _@|@ @hi @U|@**) LMtihi_
‘i? i@*@|i_ @| +c |i 4@h}?@* *!i*LL_ 6E+ t LM|@?i_ O}ih
@*it Lu 6E+ 4T*) }hi@|ih tUUitt ? Thi_U|?} |i _@|@c @?_ |ihiuLhic
|i 4@h}?@* *!i*LL_ Lgiht @ @) |L @ttitt _gihi?| 4L_i*t( tii k@tt @?_
+@u|ih) EbbD uLh @ _tUttL? W? |i ?LMtihi_ UL4TL?i?|t uh@4iLh!c
|t @**Lt @ UL4T@htL? Lu _gihi?| U)U*U@* Lh_iht Ai 4@h}?@* *!i*LL_
6E+ t LM|@?i_ M) ?|i}h@|?} L| |i T@h@4i|ih iU|Lh wG
6E+ ’
]
uEw( +REw_w Eb
@)it u@U|Lht @hi UL4T|i_ @t |i h@|L Lu 4@h}?@* *!i*LL_t Wu |ihi
t @? @ ThLh Thiuihi?Ui uLh Uih|@? t@Tit Lu REw Lh uLh T@h|U*@h UL4TL
?i?| t|hU|hitc |t U@? Mi hiiU|i_ ? |i ThLh ThLM@M*|) h@|Lt Lih |i
@hLt 4L_i*t iuEw( +c REwj Ai hi*@|i TLt|ihLh ThLM@M*|it @ttLU
b
@|i_ | _gihi?| 4L_i* T@ht U@? |i? Mi _i|ih4?i_ M) 4*|T*)?} |i
@)it u@U|Lht M) ThLh ThLM@M*|) h@|Lt W? |i Uhhi?| @TT*U@|L? _i@*?}
| Mt?itt U)U*i UL4TL?i?|tc |ihi 4@) Mi @ Thiuihi?Ui uLh t@hTih ThLht
L? |i uhi^i?U) W? Th@U|Uic |t L*_ 4i@? |@|c ?*itt |i 4@h}?@*
*!i*LL_ _iUhi@tit tMt|@?|@**) i? 4L?} |L @ t@hT _i?t|)c tU Th
Lht 4@) Mi Thiuihhi_ 5L4i @)t |L it|4@|i |i 4@h}?@* *!i*LL_ @hi
_tUtti_ ? |i @TTi?_ 
W? @ @)it@? uh@4iLh!c uLhiU@t|t @UUL?| uLh |i ?Uih|@?|) ? |i
)TihT@h@4i|iht Ai Thi_U|L? @| @ Lh3L? Lu  ^@h|iht t
.E+|nmtA  ’
]
.E+|nmtA c wREwmt _w Ef
At t |i t4 Lu |i uLhiU@t|t Lu |i U)U*U@* @?_ |hi?_ UL4TL?i?|t Ai
U*@ttU@* Thi_U|Lhc .E+|nmtA c wc t UL?t|hU|i_ @tt4?} w |L Mi  i_
Ai ?uLh4@|L?@* UL?|i?| Lu |i ?@* TLt|ihLh t@4T*i _iTi?_t L? |i
ULhhi*@|L? Mi|ii? @_@Ui?| _h@t ) Mh??} @ *@h}i ?4Mih Lu ?|@*
|ih@|L?t @?_ |i? t!TT?} @ Uih|@? ?4Mih Lu |ih@|L?t ? Mi|ii? _h@tc
|i _i}hii Lu ULhhi*@|L? @t hi_Ui_ t @ hit*|c ? i@U U@tic |i ULhhi*L
}h@4t uLh |i tihit Lu T@h@4i|ih _h@t _iU*?i_ h@T_*) | *@} *i?}|( tii
|i @TTi?_ uLh uh|ih _tUttL?
e TT*U@|L? |L 4@UhLiUL?L4U tihit
At tiU|L? **t|h@|it |i @TThL@U | ^@h|ih*) N5 hi@* B# @?_ ?it|
4i?| _@|@ uhL4 be.G |L 2ffGe E5LhUiG N5 #iT| Lu L44ihUic hi@
Lu ,UL?L4U ?@*)ttG @|L?@* UUL?|t #@|@c @?_ @??@* N5 hi@* B#
_@|@ uhL4 H.f |L bbH UL4T*i_ uhL4 |i ,# TM*U@|L?t L?|Lh?}
|i ‘Lh*_ ,UL?L4) @?_ Ai ‘Lh*_ ,UL?L4)G @ **i??@* ihtTiU|i ‘i
Thiti?| TLt|ihLh @?_ Thi_U|i hit*|t uLh |i T@h@4i|iht uLh _gihi?| U)U*
U@* Lh_iht uLh @hLt ThLht @?_ i i @4?i t4LL|i_ U)U*it @?_ |hi?_t )
t?} _gihi?| ThLht i ?it|}@|i |i hLMt|?itt Lu |i TLt|ihLh hit*|t
|L |i ULUi Lu ThLh +iuihi?Ui tL*_ Mi 4@_i |L O@hi) @?_ Ah4Mh
E2ff2 uLh |i ULhhitTL?_?} U*@ttU@* hit*|t
f
e O)TihT@h@4i|iht
Ai 4@h}?@* TLt|ihLh _i?t|it uLh ? ’ c | |i *i@t| ?uLh4@|i ThLh
L? bSc @hi tL? ? }hit e @?_ D t Mt?itt U)U*i hiti@hUiht 4@) |i?_
|L |?! ? |ih4t Lu _h@|L? Lh TihL_U|)c | t ?|ihit|?} |L *LL! @| |i
4T*i_ _i?t|it uLh |i TihL_c 2Z*bS Ai ThLh @?_ TLt|ihLh uLh |i
uhi^i?U) @?_ TihL_ @TTi@h ? }hi D Ai TLt|ihLht tL @ U*i@h Ti@!
@hL?_ @ i)i@h TihL_ ii? | @ hi*@|i*) ?L??uLh4@|i ThLh
0.70 0.75 0.80 0.85 0.90 0.95 1.00
5
10
15 Density
P rior P oste rior R ho 
0.00002 0.00004 0.00006 0.00008 0.00010
10000
20000
30000
40000
Density
P oste rior V ariance  K appa  
0 2.5e-6 0.0000057.5e-6 0.00001 1.25e-5 0.000015
100000
200000
300000
400000
500000
P osterior Variance Eta
0 2.5e-6 0.000005 7.5e-6 0.00001 1.25e-5
1e6
2e6
3e6
P osterior Variance Eps
6}hi eG @h}?@* TLt|ihLh _i?t|it Lu 4c j2Vc j
2
l c @?_ j
2
0 uLh ? ’ c |
*i@t| ?uLh4@|i ThLh L? bSc uLh ^@h|ih*) N5 hi@* B# E*L}@h|4t uhL4
be.G |L 2ffGe

0.2 0.3 0.4 0.5 0.6 0.7 0.8
2
4
6
Density
Prior P osterior La mda 
10 15 20 25 30 35 40
0.05
0.10
Density
Prior P osterior Pe riod 
8.29 8.30 8.31 8.32 8.33 8.34 8.35 8.36
10
20
30
40
50
Density
Density Trend 
-0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
10
20
30
40
50
Density
De nsity Cycle  
6}hi DG @h}?@* TLt|ihLh _i?t|it Lu bS @?_ 2Z*bSc @?_ |hi?_ @?_
U)U*U@* UL4TL?i?|t >|cA @?_ |cA ? 4__*i Lu t@4T*i E| ’ fc uLh ? ’ 
| *i@t| ?uLh4@|i ThLh L? bS
Ai L|ih U)U*U@* T@h@4i|iht t4*@h*) @i i**Mi@i_ 4@h}?@* TLt
|ihLht @ti_ L? @ ?uLh4 ThLh L? dfcoc |i 4@h}?@* TLt|ihLh uLh 4 Ti@!t
?i@h fbc @?_ |i _i?t|) Lu |i U)U*U@* ihhLh @h@?Ui j2V @TTi@ht t)44i|hU
Aiti hit*|t t}}it| |@| |i *!i*LL_ thu@Ui ? |i ht| Lh_ih U@ti @t @
4Lhi Lh *itt hi}*@h t@Ti tL |@| | t t|h@}|uLh@h_ |L TU! L| @ Mt?itt
U)U*i UL4TL?i?| L|i |@| i@U _tT*@)i_ _i?t|) hiThiti?|t @ t|@?_@h_
@TThL 4@|L? M@ti_ L? B@tt@? !ih?i*t( tii E#LLh?! bbbc T 2S 6}
hi e tLt |@|c uLh |i t*LTi @h@?Ui j2l c |i 4@h}?@* TLt|ihLh t t!ii_
Aihi t t}?U@?| 4@tt ?i@h 3ihL E|i *LU@* B@tt@? @TThL 4@|L? t ?L|
tL? ? |t U@ti t?Ui | L*_c _i |L |i t!i?ittc i |i?_ Mi*L 3ihL @?_
tL L*_ ?L| hiThiti?| @ 4i@??}u* _i?t|)c M| @t tL? ? |i t|L}h@4c
|i ?ih|i_ }@44@ ThLh i?thit |@| L?*) TLt|i @*it @hi UL?t_ihi_
e2 Ahi?_t @?_ U)U*it
Ai @)it@? @?@*)tt ThL_Uit _h@t uhL4 |i L?| TLt|ihLh Lu |i |hi?_
@?_ U)U*U@* UL4TL?i?|tc >|cA @?_ |cA c Lih |i t@4T*i TihL_ Ai 4@h}?@*
TLt|ihLht Lu |i |hi?_ @?_ U)U*U@* UL4TL?i?|t ? |i 4__*i Lu |i t@4T*i
@hi tL? ? |i *Lih T@?i*t Lu }hi D ‘i ?L|i |@| |i TLt|ihLh 4i@?
2
t |i LT|4@* it|4@|Lh uLh @ ^@_h@|U *Ltt Ai it|4@|i_ |hi?_ @?_ U)U*i
Lih |i i?|hi t@4T*i TihL_ @hi _tT*@)i_ ? }hit S @?_ . Ai t@_i_
hi}L?t ? }hi . _i?L|i hiUittL?t @t _i?|i_ M) |i ,+ Aiti tihit
@hi LM|@?i_ M) @ih@}?} Lih |i a t|@|i _h@tc |@| t
e>|cA ’ a
a[
'
>
E
| c e|cA ’ a
a[
'

E
| c | ’ c c Ac
ihi >
E
| _i?L|it |i | _h@ uLh |i |hi?_ @| |4i | @?_ t4*@h*) uLh |i
U)U*U@* UL4TL?i?| Ai t|@?_@h_ _i@|L? t it|4@|i_ M)
tS
>
2E
| *a  e>2|cA
@?_ L|ih }ihLh_ih 4L4i?|t 4@) Mi UL4T|i_ ? @ t4*@h @)
Ai @4T*|_i Lu |i U)U*i @| |4i | t it|4@|i_ M)
| ’

a
a[
'
t

2E
| n 
W2E
| c | ’ c c A
Ai iL*?} @4T*|_i t tL? ? }hi H 5}?U@?| |4i @h@|L? t
i_i?|c | itTiU@**) } *ii*t hi@Ui_ ? |i i@h*) bDft @?_ @hL?_
|i |4it Lu |i L* ThUi tLU!t ? |i b.ft
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
7.50
7.75
8.00
8.25
8.50
8.75
9.00
Trend_smooth 
Trend HPD  
Real GDP (logarithms) 
 
6}hi SG ,t|4@|i_ |hi?_ ? ^@h|ih*) N5 hi@* B# E*L}@h|4t @?_ bDI
UL?_i?Ui M@?_t uLh ? ’  | *i@t| ?uLh4@|i ThLh L? bS

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
-0.06
-0.04
-0.02
0.00
0.02
0.04
Cycle    Cycle HPD 
6}hi .G ,t|4@|i_ U)U*i ? ^@h|ih*) N5 hi@* B# E*L}@h|4t @?_ bDI
UL?_i?Ui M@?_t uLh ? ’  | *i@t| ?uLh4@|i ThLh L? bS
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
amplitude_smooth amplitude HPD 
6}hi HG ,L*?} @4T*|_i Lu |i U)U*U@* UL4TL?i?| ? N5 hi@* B#
E*L}@h|4t uLh ? ’  | *i@t| ?uLh4@|i ThLh L? bS
Ai O# EO}it| Lt|ihLh #i?t|) hi}L?t uLh |i it|4@|i_ tihit @hi
tL? @t i** Aiti @hi UL4T|i_ M) |@!?} |i 2D @?_ b.D TihUi?|*itc
e
@?_ |i tihit Lu O# hi}L?t uLh4 UL?_i?Ui M@?_t |@| }i |i @)it@?
UL?|ihT@h| Lu U*@ttU@* bDI UL?_i?Ui ?|ih@*t Ai t4LL|i_ U)U*U@*
UL4TL?i?| ?ULhTLh@|it |i ThLh ?uLh4@|L? L? TihL_U|) Lhi }i?ih@**)c
|i @)it@? t4LL|ih @UUL?|t uLh |i ?Uih|@?|) ? |i T@h@4i|ih @*it
 |t UL?|h@t|t | |i U*@ttU@* U@ti ihi T@h@4i|iht @hi @tt4i_  i_
@| |ih it|4@|it
Lt|ihLh hit*|t uLh |i U)U*U@* T@h@4i|iht ? |i tiUL?_ Lh_ih U@tic
| |i *i@t| ?uLh4@|i ThLh L? bSc @hi Thiti?|i_ ? }hi b ‘| |i
t@4i ThLh @t MiuLhic |i 4@h}?@* TLt|ihLh Lu 4 ?L Ti@!t @hL?_ f.
Ai 4@h}?@* TLt|ihLh Lu 2Z*bS Ti@!t @| t| Mi*L |h|) ^@h|ihtc @?_
|ihi t t}?U@?| 4@tt @MLi @? i}|)i@h TihL_ Ai _t|hM|L? Lu
|i TihL_ 4@) UL?U| | i TiU|@|L?t @ML| |i Mt?itt U)U*i h@?}i
L|?} |i h@|ih *L it|4@|i Lu j2l hiTLh|i_ ? |@M*i c | tii4t |@| |i
U)U*i t @UUL?|?} uLh E*L uhi^i?U) 4Li4i?|t |@| @hi 4Lhi T*@tM*)
@||hM|i_ |L @h@|L?t ? |i |hi?_
0.4 0.5 0.6 0.7 0.8 0.9 1.0
2.5
5.0
7.5
Density
Prior 
Posterior     Rho 
0.00002 0.00004 0.00006 0.00008 0.00010
10000
20000
30000
40000 Density
Posterior     Variance Kappa 
0.2 0.3 0.4 0.5 0.6 0.7 0.8
2.5
5.0
7.5
Density
Prior Posterior     Lamda 
10 15 20 25 30 35 40 45
0.02
0.04
0.06
Density Prior 
Posterior   Period 
6}hi bG @h}?@* TLt|ihLh _i?t|it Lu 4c j2Vc bSc @?_ 2Z*bS uLh ? ’ 2 |
*i@t| ?uLh4@|i ThLh L? bS uLh ^@h|ih*) N5 hi@* B# E*L}@h|4t uhL4
be.G |L 2ffGe
A@M*i  tLt TLt|ihLh 4i@?t @?_ 4@h}?@* *!i*LL_ it|4@|it uLh ? ’ 
|L ec | |i *i@t| ?uLh4@|i ThLh L? |i uhi^i?U) ‘i? ? ’ c |ihi
@}@? tii4t |L Mi tL4i _U*|) ? it|4@|?} @ hi@tL?@M*i U)U*U@*c @*Mi|
D
|L @ *ittih i |i?| |@? uLh |i tiUL?_ Lh_ih U@ti 6Lh ? ’ ec |i hit*|t @hi
t*}|*) Mi||ihc M| |i @ih@}i TihL_ t t|** @ML| L?i )i@h @MLi |i @*i
Lu i )i@ht LM|@?i_ uLh |i ht| Lh_ih U)U*i
5ihit ? j2l j
2
V j
2
0 4 bS 2Z*bS j
2
 ^ 6E+
+i@* B#  Se Sf e fbf2 f22 2fe SH fffSfb SH2H
2 eSD eD f2 f.D f2b 2.e S2D fffH SHSe
 Hb 2 De fDH. f2DS 2DH DDeD fff2De SHDD
e D2 . SD feHS f2. 2eD eH2f fffS SHe
W?it|4i?|  b 22ceH. 2e2 fHHf f2Hb 22D fceS ffff2 fb
2 Df c2e eH. fSbf f2Se 2eH 2cb fffffeb fbH
 Db2 D2bD SD fDb. f2.2 2e ce2S fffffDS .
e .2 fHS .fe. fDe f2H 2D DcDD fffffSH b
Wdeoh 4= Srvwhulru phdqv iru txduwhuo| XV uhdo JGS iurp 4<7:=4 wr 5334=7 iru
glhuhqw ydoxhv ri ? zlwk d uhodwlyho| qrqlqirupdwlyh sulru rq bS1 Wklv sulru lv
edvhg rq d ehwd ghqvlw| qEoc r zlwk o ’ 2 2Z*bS lv wkh shulrg lq txduwhuv/ dqg
j2 lv wkh yduldqfh ri wkh f|foh1 Wkh vljqdo wr qrlvh udwlr ^ ’ j
2
l*Ej
2
 nj
2
01 Wkh
orjdulwkp ri wkh pdujlqdo olnholkrrg 6E+ zdv hvwlpdwhg iru hdfk prgho xvlqj d
OdSodfh dssur{lpdwlrq1 Doo yduldqfh sdudphwhuv duh pxowlsolhg e| 43.1
0.4 0.5 0.6 0.7 0.8 0.9 1.0
2.5
5.0
7.5
Density
Prior 
Posterior     Rho 
0.00002 0.00004 0.00006 0.00008 0.00010
10000
20000
30000
40000
Density
Posterior     Variance Kappa 
0.2 0.3 0.4 0.5 0.6 0.7 0.8
2.5
5.0
7.5
10.0
12.5 Density
Prior Posterior     Lamda 
10 15 20 25 30 35 40
0.05
0.10
0.15 Density
Prior 
Posterior     Period 
6}hi fG @h}?@* TLt|ihLh _i?t|it Lu 4c j2Vc bSc @?_ 2Z*bS uLh ? ’ 2c
| ?|ih4i_@|i ThLh L? bS uLh ^@h|ih*) N5 hi@* B# E*L}@h|4t uhL4
be.G |L 2ffGe
S
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
-0.06
-0.04
-0.02
0.00
0.02
0.04
0.06
Cycle    Cycle HPD 
6}hi G ,t|4@|i_ U)U*i ? ^@h|ih*) N5 hi@* B# E*L}@h|4t @?_ bDI
UL?_i?Ui M@?_t uLh ? ’ 2c | ?|ih4i_@|i ?uLh4@|i ThLh L? bS
AL |)Tit Lu t@hTih ThLhtc U ihi tL? i@h*ih ? }hi c @hi
|ihiuLhi ?it|}@|i_ Aiti tTiUu) @| |i L|ti| |@| |i Ui?|h@* TihL_
Lu |i U)U*i uLUtit 4Lhi ?@hhL*) @hL?_ i )i@ht Ai TLt|ihLh 4i@?t
@hi hiULh_i_c uLh ? ’ 2 @?_ c ? |@M*i 2 L|i L ?Uhi@t?} |i t@hT
?itt Lu |i ThLh *i@_t |L @ _iU*?i ? j2V @?_ @? @ttLU@|i_ hti ? j
2
l  Ai
|hi?_ MiUL4it 4Lhi i M*i @t |i U)U*i UL?Ui?|h@|it 4Lhi L? 4_h@?}i
uhi^i?Uit
Ai 4@h}?@* TLt|ihLht uLh ? ’ 2 @hi tL? ? }hi f uLh |i ?|ih4i
_@|i ThLh Ai it|4@|i_ U)U*i t tL? ? }hi  Ai 4@? _gihi?Ui
| |i ht| Lh_ih U)U*i t |t hi*@|i t4LL|?itt( |t 4@!it | i@tih |L
|h@U! 4Li4i?|t ? |i Mt?itt U)U*i Ai }ih @*i Lu j20 ? |i tiUL?_
Lh_ih U@ti 4i@?t |@| @ }LL_ _i@* Lu } uhi^i?U) 4Li4i?| t UL?t}?i_
|L |i hhi}*@h
.
hLh ? j2l j
2
V j
2
0 4 bS 2Z*bS j
2
 ^ 6E+
W?|ih4i_@|i 2 HeH Sf  f.fb f2b2 2b ebb fff2eH SHD2
  De S2 fS ff 2 eDbe fffbH SHe.
5@hT 2 fe  D f.fS f2 2f2 e.S fffD SHe.
 f HS Db fDHH f 2f ee2 fffeD SHeD
Wdeoh 5= Srvwhulru phdqv iru txduwhuo| XV uhdo JGS iurp 4<7:=4 wr 5334=7 iru
? ’ 2 dqg  zlwk pruh lqirupdwlyh sulruv rq bS1 Wkh lqwhuphgldwh sulru zdv
edvhg rq d qEoc r zlwk o ’ fc zkloh iru wkh vkdus sulru/ o ’ ff1 2Z*bS lv wkh
shulrg lq txduwhuv/ dqg j2 lv wkh yduldqfh ri wkh f|foh1 Wkh vljqdo wr qrlvh udwlr
^ ’ j2l*Ej
2
 n j
2
01 6E+ lv wkh hvwlpdwhg orjdulwkp ri wkh pdujlqdo olnholkrrg1
Doo yduldqfh sdudphwhuv duh pxowlsolhg e| 43.1
6Lh |i tiUL?_ Lh_ih U)U*ic t?} @? ?uLh4@|i ThLh tL*it |i ThLM*i4
Lu |i hhi}*@h *!i*LL_ @?_ @ T*@tM*i @*i t LM|@?i_ uLh |i TLt|ihLh
4i@? Lu |i TihL_ Ai ti Lu |i ?|ih4i_@|i ThLh L? bS tii4t |L Mi @
}LL_ ULUi Ai tiUL?_ Lh_ih 4L_i* t @||h@U|i @t | i |h@U|t @ hi*@|i*)
t4LL| U)U*i | @ 4?44 Lu UL4T*i |)c @?_ |t 4@h}?@* *!i*LL_c
6E+c i Uii_t |Lti LM|@?i_ uLh }ih Lh_ih U)U*it
e ??@* _@|@
??@* |4i tihit @hi @@*@M*i Lih @ u@h*) *L?} TihL_ Lu |4i @?_ |t
@**Lt L?i |L ?it|}@|i ttit UL?Uih??} *L?}|ih4 U@?}it ? |i Mt?itt
U)U*i Ai i?Lh4Lt t?} uhL4 |i Mi}???} Lu |i Bhi@| #iThittL? |L |i
i?_ Lu ‘Lh*_ ‘@h WW UL?t|||it @ 4U *L?}ih @?_ 4Lhi ThL?L?Ui_ U)U*i
|@? t uL?_ ? TLt|@h _@|@ AL @**L uLh *L?}ih TihL_t i |ihiuLhi
UL?t_ih ThLht uLh bS |@| @i @ 4i@? Lu 2Z*f( ? L|ih Lh_t |i @ih@}i
TihL_ t |@!i? |L Mi |i? h@|ih |@? i )i@ht W? @__|L? i @tt4i |@|
|i @h@?Ui Lu |i U)U*U@* _t|hM@?Uit uhL4 b2b |L beS t |i? |4it @|
| t i*tiihi Ai t|@|i tT@Ui 4L_i* @t ?L _U*|) @?_*?} tU @?
i |i?tL? E t4*@h _iUi UL*_ @i Mii? @_LT|i_ uLh |i uhi^i?U)c |@|
t |i TihL_ uhL4 b2b |L beS UL*_ @i Mii? @tt4i_ |L Mi _LM*i @|
| t i*tiihi Ai TLt|ihLh hit*|t uLh ? ’  | |i *i@t| ?uLh4@|i
ThLh L? bS @hi tL? ? }hi 2 Ai _i?t|) Lu |i _@4T?} u@U|Lh Ti@!t
@| @ }ih @*i |@? uLh |i ^@h|ih*) _@|@c ?_U@|?} 4Lhi Tihtt|i?Ui ?
|i @??@* U)U*i
H
0.7 0.8 0.9 1.0
10
20
30 Density
Prior 
Posterior Rho 
0.0005 0.0010
2000
4000
Density
Posterior Variance Kappa 
0.000000 0.000005 0.000010
250000
500000
750000
1e6 Density Posterior Variance Eta
0.0000 0.0005 0.0010
1000
2000
3000
4000 Density
Posterior Variance Eps  
0.50 0.75 1.00
10
20 Density
Prior 
Posterior Lamda 
5 10 15 20
0.2
0.4
Density
Prior 
Posterior Period 
6}hi 2G @h}?@* TLt|ihLh _i?t|it Lu T@h@4i|iht | *i@t| ?uLh4@|i
ThLh L? bS uLh @??@* N5 hi@* B# E*L}@h|4t uhL4 H.f |L bbH
#itT|i |i u@U| |@| |i ThLh i TiU|@|L?t Lu TihL_U|) Ui?|hi @hL?_
f )i@htc |i TLt|ihLh Lu 2Z*bS UL?Ui?|h@|it @hL?_ .D )i@htc L?} |L |i
_L4?@|?} ?i?Ui Lu |i *L?} |h@_i U)U*i t?} uhL4 b2b |L beS AL
t@hTih ThLht @hi UL?t_ihi_c @?_ |i ULhhitTL?_?} TLt|ihLh _i?t|it uLh
|i uhi^i?U) @?_ TihL_ @hi tL? ? }hi  W| 4@) Mi Thiuih@M*i |L ti
|i t@hTit| ThLh EtL? L? |i h}| ? |i }hi |L ?thi |@| @ T*@tM*i
h@?}i uLh 2Z*bSc ULhhitTL?_?} |L Mt?itt U)U*i TihL_tc t LM|@?i_ Ai
hit*|?} |hi?_ @?_ U)U*i ? |t U@ti @hi tL? ? }hit e @?_ D
b
0.4 0.6 0.8 1.0
5
10
15
20
Density
Prior Posterior Lamda 
5.0 7.5 10.0 12.5 15.0 17.5 20.0
0.2
0.4
Density
Prior Posterior Period 
0.4 0.6 0.8 1.0
5
10
15
20
25 Density
Prior Posterior Lamda 
5.0 7.5 10.0 12.5 15.0 17.5 20.0
0.25
0.50
0.75
1.00 Density
Prior 
Posterior Period 
6}hi G @h}?@* TLt|ihLh _i?t|it Lu uhi^i?U) @?_ TihL_ |
?|ih4i_@|i @?_ ih) ?uLh4@|i ThLht L? bS uLh @??@* N5 hi@* B#
E*L}@h|4t uhL4 H.f |L bbH
1880 1900 1920 1940 1960 1980 2000
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0
15.5
Trend_smooth 
Trend HPD  
Real GDP (logarithms) 
 
6}hi eG ,t|4@|i_ |hi?_ ? @??@* N5 hi@* B# E*L}@h|4t uhL4 H.f
|L bbH uLh ? ’  | 4Lt| ?uLh4@|i ThLh L? bS
2f
1880 1900 1920 1940 1960 1980 2000
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
cycle_smooth 
Cycle HPD Low 
Cycle HPD Low 
 
6}hi DG ,t|4@|i_ U)U*i ? @??@* N5 hi@* B# E*L}@h|4t uhL4 H.f
|L bbH uLh ? ’  | 4Lt| ?uLh4@|i ThLh L? bS
1880 1900 1920 1940 1960 1980 2000
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
amplitude_smooth HPD 
6}hi SG ,L*?} @4T*|_i Lu |i U)U*U@* UL4TL?i?| ? @??@* N5 hi@*
B# E*L}@h|4t uhL4 H.f |L bbH uLh ? ’  | @ ih) ?uLh4@|i
ThLh L? bS
? ?|ihit|?} ^it|L? t i|ih Mt?itt U)U*it @i }i?ih@**) _iU*?i_
2
? ?|i?t|) t?Ui ‘‘WW 6}hi S _tT*@)t |i iL*?} @4T*|_i Ai
}h@T t _L4?@|i_ M) |i Bhi@| #iThittL? @?_ ‘‘WW OLiihc |ihi t
tL4i ?_U@|L? |@| |i @ih@}i @4T*|_i Lu |i U)U*i t t4@**ih ? |i TLt|
@h TihL_ @t UL4T@hi_ | |i TihL_ MiuLhi b2b
t ? |i U@ti Lu ^@h|ih*) hi@* B#c |ihi t tL4i _U*|) ? it|4@|?}
T*@tM*i U)U*it ? |i @??@* tihit uLh }ih Lh_ih 4L_i*t( | ?L??uLh
4@|i ThLht |i U)U*U@* @h@?Ui u@**t |L ?i@h 3ihL tL |@| |i |hi?_ @UUL?|t
uLh 4Lt| Lu |i @h@|L? ? |i tihit AihiuLhic uLh ? :  4Lhi ?uLh4@|i
ThLht L? j2l ihi ti_ |L i?thi @ 4?4@* _i}hii Lu t4LL|?itt ? |i |hi?_
Ai it|4@|i_ U)U*U@* UL4TL?i?| uLh ? ’ 2 t _tT*@)i_ ? }hi . L|i
|i ?Uhi@ti_ t4LL|?itt hi*@|i |L |i ht| Lh_ih U@ti Lt|ihLh 4i@?t
uLh _gihi?| @*it Lu ? @hi tL? ? |@M*i e uLh |i t@hT ThLh( | *itt
?uLh4@|i ThLht L? bSc |i TLt|ihLh 4@tt Lu |i TihL_ tu|t |L }ih
@*it *i |i hit*|t uLh |i L|ih T@h@4i|iht hi4@? t4*@h W? |i U@ti
? ’ ec @ tMt|@?|@* @4L?| Lu ?Lti t hi4Li_ uhL4 |i U)U*ic @t U@? Mi
tii? uhL4 |i }ih it|4@|i uLh j20 Ai |h??} TL?|t ? |i U)U*U@*
UL4TL?i?| MiUL4i ii? 4Lhi @TT@hi?|( tii }hi H
1880 1900 1920 1940 1960 1980 2000
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
cycle_smooth Cycle HPD 
6}hi .G ,t|4@|i_ U)U*i ? @??@* N5 hi@* B# E*L}@h|4t uhL4 H.f
|L bbH uLh ? ’ 2 | @ ih) ?uLh4@|i ThLh L? bS
22
1880 1900 1920 1940 1960 1980 2000
-0.2
-0.1
0.0
0.1
0.2
0.3
cycle_smooth Cycle HPD 
6}hi HG ,t|4@|i_ U)U*i ? @??@* N5 hi@* B# E*L}@h|4t uhL4 H.f
|L bbH uLh ? ’ e | @ ih) ?uLh4@|i ThLh L? bS
h_ih ? j2l j
2
V j
2
0 4 bS 2Z*bS
 Sf. DeS e fbH fDf. 2e
2 HH e. .He. fHb. fD2D b
 2f. See H2bS fH.2 fDeb D
e 2b  fceSb fHH fDe2 S
Wdeoh 6= Srvwhulru phdqv iru dqqxdo XV uhdo JGS iurp 4;:3 wr 4<<; iru
glhuhqw ydoxhv ri ? zlwk dq lqirupdwlyh sulru rq bS/ fhqwuhg dw 2Z*f1 Iru
? ’ 2/ c wkh vkdsh dqg vfdoh ri wkh lqyhuwhg jdppd sulru rq j2l zhuh vhw wr 53
dqg 5 { 433Dc uhvshfwlyho|1 Iru ? ’ ec wkh vkdsh dqg vfdoh ri wkh lqyhuwhg jdppd
sulru rq j2l zhuh vhw wr 433 dqg 43
3e/ dqg dgglwlrqdoo|/ d prghudwho| lqirupdwlyh
sulru rq j20 zdv xvhg/ zlwk vkdsh dqg vfdoh htxdo wr 43 dqg 43
3D Wkh shulrg lq
|hduv lv 2Z*bS Doo yduldqfh sdudphwhuv duh pxowlsolhg e| 43
.1
ee 6LhiU@t|t
W? 4@!?} Thi_U|L?t @ML| u|hi U)U*U@* @?_ |hi?_ 4Li4i?|tc |i @)it@?
@TThL@U @UUL?|t uLh ?Uih|@?|) ? |i )TihT@h@4i|ihtc t| @t | _Lit ?
t4LL|?}
2
Ai uLhiU@t| u?U|L? .E+|nmtA c w ? Ef 4@) Mi i Thitti_ ? |ih4t Lu
|hi?_ @?_ U)U*i UL4TL?i?|t Ai uLhiU@t| Lu |i |hi?_ t t4T*) @ _i|ih
4?t|U |hi?_ | |i t*LTi @?_ *ii* }i? M) |i k@*4@? *|ih it|4@|it
@| |4i A Ai uLhiU@t| u?U|L? uLh |i U)U*U@* UL4TL?i?| | ? ’  t @
_@4Ti_ U)U*i
hcAnA Ew ’ 4 cA ULtdbSo n WcA t?dbSo
ihi  t |i uLhiU@t| Lh3L? @?_ cA c 
W
cA @hi |i k@*4@? *|ih it|4@|it
@| |i i?_ Lu |i t@4T*i 6Lh |i tiUL?_Lh_ih U)U*U@*c
h2cAnA Ew ’ 43 cA ULtdE bSo n WcA t?dE bSo
n4

2cA ULtdbSo n 
W
2cA t?dbSo

Ai UL4M?@|L? Lu |i |L *ii*t Lu |i U)U*i 4i@?t |@| | t TLttM*i uLh
|i @4T*|_i Lu |i Thi_U|i_ U)U*i |L ?Uhi@ti MiuLhi | ii?|@**) _@4Tt
_L? |L 3ihL
Ai @)it@? Thi_U|L?t @| Lh3L?  @hi LM|@?i_ M) @ih@}?} Lih |i
a _h@t At uLh |i U)U*i
e?cAnA ’ a
a[
'
h?cAnA EwE
Bi? |i t|hU|hi Lu |i 4L_i*c |ihi t @ t|h@}|uLh@h_ @) |L @ttitt
|i uLhiU@t| ?Uih|@?|)c U @L_t |i ?4ihU@**) _i4@?_?} |@t! Lu it
|4@|?} |i Thi_U|i _i?t|) Ai @h@?Ui Lu |i t|iT @i@_ Thi_U|L?
4@) Mi _iUL4TLti_ @t
@oE?cAnA mt  ’
]
@od?cAnA Ewmtc woREwmt _w n @odh?cAnA Ewo E
Ai tiUL?_ @h@?Ui L? |i h}| @?_ t_i t |@!i? | hitTiU| |L |i
TLt|ihLh @?_ tL 4@) Mi it|4@|i_ M)
@odh?cAnA Ewo ’
#

a
[kh?cAnA EwEl2
$

e?cAnA2
2e
Ai ht| |ih4 L? |i h}| @?_ t_i Lu E t i^@* |L |i 4i@? Lu |i
U*@ttU@* uLhiU@t| @h@?Ui 5?Ui |i 4L_i* ? ED 4@) Mi U@t| ? t|@|i tT@Ui
uLh4c |i uLhiU@t|?} hL|?i ? |i 5tu@U! t|i Lu ThL}h@4t 4@) Mi ti_(
tii |i @TTi?_ uLh _i|@*t W? t4T*i U@titc @? @?@*)|U@* i ThittL? uLh
@od?cAnA Ewmtc wo 4@) Mi LM|@?i_
1990 1995 2000 2005
-0.06
-0.04
-0.02
0.00
0.02
0.04
Smoothed Cycle    
Cycle HPD 
Forecast Cycle 
Forecast +/- 2S.E. 
6}hi bG 6LhiU@t| Lu U)U*U@* UL4TL?i?| ? N5 hi@* B# E*L}@h|4t uLh
? ’  | *i@t| ?uLh4@|i ThLh L? bS
2D
1990 1995 2000 2005
8.8
8.9
9.0
9.1
9.2
9.3
9.4
9.5
Smoothed Trend    
GDP Forecast 
Forecast +/- 2S.E. 
Real GDP (logarithms) 
Forecast Trend 
 
6}hi 2fG 6LhiU@t| N5 hi@* B# E*L}@h|4t uLh ? ’  | *i@t|
?uLh4@|i ThLh L? bS
Ai uLhiU@t| Lu |i U)U*U@* UL4TL?i?|c |@| t |i |4i tihit Lu TLt|ihLh
4i@?tc @*L?} | M@?_t *)?} @| T*t Lh 4?t |L t|@?_@h_ _i@|L?tc @hi
tL? ? }hi b uLh T |L 2f ^@h|iht @i@_ Aiti UL?_i?Ui M@?_t
uLh |i Thi_U|L?t ULhhitTL?_ hL}*) |L |i bDI O#t Lu |i t4LL|i_
U)U*U@* UL4TL?i?|c M| |L |i i |i?| |@| |i Thi_U|i _i?t|it _iT@h|
uhL4 ?Lh4@*|)c |i |L 4i@thit ** ?L| Mi i^@*i?| Ai uLhiU@t|t
tL @ U)U*U@* hiULih) *@t|?} ?|* |i i@h*) T@h| Lu 2ffe( |i t|@?_@h_
ihhLh Lu |i Thi_U|L? }h@_@**) _i?t @t |i Lh3L? t i |i?_i_ Ai
ULhhitTL?_?} uLhiU@t|t uLh |i hi@* B# tihit @?_ |i uLhiU@t| 5, @hi
tL? ? }hi 2f Aihi @hi tL4i _gihi?Uit ? U)U*U@* uLhiU@t|t uLh
}ih ? W? }hi 2 M@ti_ L? |i tiUL?_ Lh_ih UL4TL?i?|c |i hiULih) t
@?|UT@|i_ |L LUUh tLL?ih @?_ |L Mi 4Lhi 4L_ih@|i
2S
1990 1995 2000 2005
-0.06
-0.04
-0.02
0.00
0.02
0.04
0.06 Smoothed Cycle    
Cycle HPD 
Forecast Cycle 
Pred +/- 2SE 
6}hi 2G 6LhiU@t| Lu U)U*U@* UL4TL?i?| ? N5 hi@* B# E*L}@h|4t uLh
? ’ 2 | ?uLh4@|i ThLh L? bS
D *|@h@|i 4L_i*
L_i*?} tiih@* tihit L?|*) U@? ThL_Ui 4Lhi ThiUti T@h@4i|ih it|4@|it
M) TLL*?} ?uLh4@|L?  4*|@h@|i N 4L_i* 4@) Mi ti| T uLh  tihit
@t
+| ’ >6c| n ?c| n 0|c 0|  U(EfcP0c | ’ c c Ac E2
ihi |i    iU|Lh +| ’ E +| c c +|  @?_ t4*@h*) uLh >6c|c ?c| @?_ %|
P0 t @?   TLt|i ti4_i?|i 4@|h  6Lh 6 ’ 2c |i |hi?_ t
>| ’ >|3 n q|3c E
q| ’ q|3 n l|c l|  U(EfcPlc
ihi Pl t @?    TLt|i ti4_i?|i 4@|h  W? |i ?L|@|L? Lu E2
@?_ E >|c |i *ii*c t >2|c *i q|c |i t*LTic t >|
Ai t4*@h U)U*i 4L_i*c ?|hL_Ui_ M) O@hi) @?_ kLLT4@? Ebb. @?_
4T*i4i?|i_ ? |i 5A T@U!@}i Lu kLLT4@? i| @* E2fffc t _i?i_ uLh
2.
? ’  @t57 |
W|
68 ’
574
3C ULtbS t?bS
 t?bS ULtbS
4D U
6857 |3
W|3
68n
57 V|
VW|
68 c | ’ c c Ac
Ee
ihi V| @?_ V
W
| @hi    iU|Lht Lu |i _t|hM@?Uit tU |@|
.EV|V

| ’ .EV
W
|V
W
|  ’ PVc .EV|V
W
|  ’ fc ED
@?_ PV t @?   UL@h@?Ui 4@|h  Ai 4L_i* 4@) Mi hi@_*) i |i?_i_
|L }ih Lh_ih U)U*it @t ? O@hi) @?_ Ah4Mh E2ff2 @?_ @TTi?_ #
iU@ti |i _@4T?} u@U|Lh @?_ |i uhi^i?U)c 4 @?_ bSc @hi |i t@4i ? @**
tihitc |i U)U*it ? |i _gihi?| tihit @i t4*@h ThLTih|it( ? T@h|U*@h
|ih 4Li4i?|t @hi Ui?|hi_ @hL?_ |i t@4i TihL_ At tii4t i4?i?|*)
hi@tL?@M*i u |i U)U*U@* 4Li4i?|t @** @hti uhL4 @ t4*@h tLhUi tU @t
@? ?_ih*)?} Mt?itt U)U*i 6h|ih4Lhic |i hit|hU|L? 4i@?t |@| | t
Lu|i? i@tih |L tiT@h@|i L| |hi?_ @?_ U)U*i 4Li4i?|t i? tiih@* tihit
@hi L?|*) it|4@|i_
Ai @)it@? @?@*)tt i |i?_t _hiU|*) |L |t 4*|@h@|i 4L_i* Ai
itti?Ui Lu |i  hL|?i hi4@?t |i t@4i Ai _i|@*t @hi ? @TTi?_ 
# ‘i **t|h@|i |i 4i|L_ | @ M@h@|i 4L_i* uLh hi@* B# @?_ ?
it|4i?| A@M*i e tLt hit*|t uLh |i *i@t| ?uLh4@|i ThLh L? bS |
@? itti?|@**) ?L??uLh4@|i ?ih|i_ ‘t@h| ThLh L? |i @h@?Ui 4@|h 
T@h@4i|iht
2H
Vhulhv= XV uhdo JGS Vhulhv= XV Lqyhvwphqw
? j2l j
2
V j
2
0
 .e Se 22
2 .D e.f H
 .f 22H D
e 2H  ..
? j2l j
2
V j
2
0
 2S 22cHH 2
2 ff 2c.bb eH
 S2 Db.. Se.2
e f S .b
Fruuhodwlrqv dqg f|folfdo sdudphwhuv
? vl vV v0 4 2Z*bS
 fHe. fH f2DD fH.S 2e
2 fD.e fbfb feDb fS.f 2D.
6 ff fb2f fSe2 fDH 2eb
7 fDDf fbD fSSf fD 2e
Wdeoh 7= Srvwhulru phdqv iru d elyduldwh prgho iru txduwhuo| XV uhdo JGS
dqg lqyhvwphqw iurp 4<7:=4 wr 5334=7 zlwk d uhodwlyho| qrqlqirupdwlyh sulru rq
bS1 Wkh sulruv rq wkh yduldqfh pdwulfhv duh hvvhqwldoo| qrqlqirupdwlyh lqyhuwhg
Zlvkduw ghqvlwlhv1 Doo yduldqfh sdudphwhuv duh pxowlsolhg e| 43.1 Wkh sdudphwhu
vl ghqrwhv wkh fruuhodwlrq ehwzhhq wkh vorsh glvwxuedqfhv lq wkh wzr vhulhv/ dqg 4
dqg bS duh wkh vkduhg f|folfdo sdudphwhuv1
Lt|ihLh hit*|t uLh |i U)U*U@* T@h@4i|iht | ? ’ 2 @hi tL? ?
}hi 22 Ai _h@t uLh |i @h@?Ui 4@|hUit 4@) Mi _hiU|*) ti_ |L
uLh4 _h@t uLh |i ULhhi*@|L?t Mi|ii? |i UL4TL?i?|t Lu |i tihit Atc
|i TLt|ihLh _i?t|) Lu |i U)U*U@* ihhLh ULhhi*@|L? Ti@!t @| @hL?_ fbc
?_U@|?} t}?U@?| UL4Li4i?|t ? |i U)U*it Ai it|4@|i_ UL44L?
TihL_ Lu LtU**@|L? t @ML| |L ^@h|iht *itt |@? |i TLt|ihLh 4i@? uLh
|i ?@h@|i 4L_i* uLh hi@* B# | |i *i@t| ?uLh4@|i ThLh
2b
0.2 0.3 0.4 0.5 0.6 0.7 0.8
2.5
5.0
7.5
Density
Prior Posterior Lamda 
10 15 20 25 30 35 40
0.025
0.050
0.075
Density Prior Posterior Period 
0.00002 0.00004 0.00006 0.00008
10000
20000
30000
Density
Posterior Variance Kappa Gdp 
0.0005 0.0010 0.0015 0.0020 0.0025
500
1000
Density Posterior Variance Kappa Inv 
0.80 0.85 0.90 0.95 1.00
5
10
15 Density
Posterior Correlation Kappa 
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
5
10
Density
Prior Posterior Rho 
6}hi 22G @h}?@* TLt|ihLh _i?t|it uLh |i U)U*U@* T@h@4i|iht ? @
M@h@|i 4L_i* Lu ^@h|ih*) N5 hi@* B# @?_ ?it|4i?| E*L}@h|4t
uhL4 be.G |L 2ffGe Ai T@h@4i|ih ULhhi*@|L? !@TT@ _i?L|it |i
ULhhi*@|L? Mi|ii? |i U)U*U@* _t|hM@?Uit ? |i |L tihit
6}hi 2 tLt |i U)U*i ThL_Ui_ M) |i M@h@|i 4L_i* uLh ? ’ 2
Ai Lih@** t@Ti hiti4M*it |@| Lu }hi c M| |i UL?_i?Ui M@?_t @hi
@| |4it ?@hhLih *tLc @ t|iiTih Tt?} ? |i U)U*i ? |i bbft t
@TT@hi?| ? }hi 2 Ai U)U*it it|4@|i_ uhL4 |i M@h@|i 4L_i*t @hi
Lu|i? 4Lhi ThL?L?Ui_( uLh ?t|@?Uic uLh hi@* B# |i U)U*U@* @h@?Ui htit
M) @hL?_ 2fI i? ? ’ 2
f
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
-0.06
-0.04
-0.02
0.00
0.02
0.04
0.06
Cycle    Cycle HPD 
6}hi 2G ,t|4@|i_ U)U*i ? ^@h|ih*) N5 hi@* B# E*L}@h|4t uhL4
be.G |L 2ffGec M@ti_ L? @ M@h@|i 4L_i* | ?it|4i?|
AL |i i |i?| |@| tL4i@| 4Lhi T*@tM*i Mt?itt U)U*i TihL_t hit*|
uhL4 UL4M??} |i ?uLh4@|L? ? |i hi@* B# @?_ ?it|4i?| tihitc |t
@TThL@U ThL_it @?L|ih @) |L i*T @__hitt |i ThLM*i4 Lu |i *!i*LL_
thu@Ui ? |i U@ti Lu ?@h@|i 4L_i*t uLh hi@* B#
S L?U*tL?
 t|hU|h@* |4i tihit 4L_i* ThL_it @ uh@4iLh! uLh i |h@U|?} |hi?_t
@?_ U)U*it At @h|U*i @t ?it|}@|i_ |i @)it@? |hi@|4i?| Lu tU @
4L_i*c T@)?} T@h|U*@h @||i?|L? |L |i U)U*U@* UL4TL?i?| @?_ |i @)
? U ThLh ?uLh4@|L? L? TihL_U|) U@? Mi ti_ @h!L U@? L?|i
@h*L 4i|L_t @hi tUUittu**) @_@T|i_ |L _i@* | |i 4L_i*tc ?U*_?}
|Lti | }ih Lh_ih U)U*it Lu |i !?_ ?|hL_Ui_ hiUi?|*) M) O@hi) @?_
Ah4Mh E2ff2c @?_ |Lti ? U |L tihit @hi UL?t_ihi_ L?|*)
Ai @TThL@U t **t|h@|i_ | @? @TT*U@|L? |L N5 4@UhLiUL?L4U
|4i tihitc ihi t4LL| U)U*it @hi tUUittu**) i |h@U|i_ uhL4 hi@* B#
@?_ ?it|4i?| Aiti U)U*it @i @ t4T*i ?|ihThi|@|L? ? |ih4t Lu |i
TihUi?|@}i M) U |i) i Uii_ Lh u@** Mi*L |i *L?}|ih4 *ii* @?_ |i)
@hi UL?tt|i?| | |i ,+ _@|?} Lu Mt?itt U)U*it Ai @TThL@U t

tL? |L Mi @M*i ? t|@|L?t ihi 4@ 44 *!i*LL_ it|4@|L? u@*i_
|L )i*_ T*@tM*i hit*|t
k‘w,#B,A5
,@h*ih ihtL?t Lu |t T@Tih @t Thiti?|i_ @| |i @4Mh_}i # ‘Lh!
tLT ? ,UL?L4i|hUt @?_ @| |i k, UL?uihi?Ui @| |i i|ih*@?_t i?
|h@* @?! Ah4Mh tit |L |@?! |i @4Mh_}i L44L?i@*| Aht|
@?_ |i +U@h_ k@? 6?_ uLh ?@?U@* tTTLh|c @?_ t }h@|iu* |L |i A?
Mih}i? W?t|||i uLh |t LtT|@*|) @?_ ?@?U@* tTTLh| ? @|4? 2ff
O@hi) |@?!t |i ,UL?L4U @?_ 5LU@* +iti@hU L?U* E,5+ uLh tT
TLh| @t T@h| Lu @ ThLiU| L? #)?@4U L44L? 6@U|Lh L_i*t uLh +i}L?@*
A4i 5ihitc }h@?| ?4Mih wH 2D ffH
+iuihi?Uit
@ |ihc  @?_ k?} + Bc bbb i@th?} Mt?itt U)U*itG @TThL 4@|i
M@?_T@tt *|iht uLh iUL?L4U |4i tihitc +ii Lu ,UL?L4Ut @?_
5|@|t|Ut Hc D.Db
Ltc c + @ic @?_ @? #!c Okc 2fff #@*) i U@?}i h@|i Mi
@Lh @?_ i_}?} Lu Uhhi?U) ht!c aLh?@* Lu TT*i_ ,UL?L4i|hUt
Dc S.bS
@h|ihc  k @?_ kL? +c ? BMMt t@4T*?} uLh t|@|i tT@Ui 4L_i*tc
L4i|h!@ Hc DeD
Mc 5 @?_ Bhii?Mih} ,c bbS @h!L U@? L?|i @h*L t4*@|L?
4i|L_t ? iUL?L4i|hUtc ,UL?L4i|hU AiLh) 2c efb
L}*i)c A @?_ @tL? ac bbD ,giU|t Lu |i OL_hU!hitUL|| *|ih L?
|hi?_ @?_ _gihi?Ui t|@|L?@h) |4i tihitG 4T*U@|L?t uLh Mt?itt
U)U*i hiti@hUc aLh?@* Lu ,UL?L4U #)?@4Ut @?_ L?|hL* bc 2D.H
#UULc Ac k@tt +c +@u|ih) c @?_ ‘@ttih4@? wc bb. L4T|?}
@)it u@U|Lht M) UL4M??} t4*@|L? @?_ @t)4T|L|U @TThL 4@|L?tc
aLh?@* Lu |i 4ihU@? 5|@|t|U@* ttLU@|L? b2c bfD
#LLh?!c a c bbb  G ? MiU|hi?|i_ @|h hL}h@44?} w@?
}@}i EwL?_L?G A4Mih*@!i L?t*|@?|t w|_
#hM?c ac @?_ kLLT4@? 5ac 2ff2  t4T*i @?_ iUi?| t4*@|L?
t4LL|ihc L4i|h!@ Hbc SfS
2
6hih|5U?@||ihc 5c bbe #@|@ @}4i?|@|L? @?_ _)?@4U *?i@h 4L_
i*tc aLh?@* Lu A4i 5ihit ?@*)tt Dc H2f2
BL4i3c Vc a*) 2ff Ai ti Lu ||ihLh| *|iht uLh |hi?_ @?_ U)U*i
it|4@|L? ? iUL?L4U |4i tihitc aLh?@* Lu t?itt @?_ ,UL?L4U
5|@|t|Ut bc SD.
O@hi) c bHb 6LhiU@t|?}c t|hU|h@* |4i tihit 4L_i*t @?_ |i
k@*4@? *|ih E@4Mh_}iG @4Mh_}i N?iht|) hitt
O@hi)c  c @?_ a@i}ih c bb #i|hi?_?}c t|)*ti_ u@U|t @?_ |i
Mt?itt U)U*ic aLh?@* Lu TT*i_ ,UL?L4i|hUt Hc 2e.
O@hi)c  c @?_ kLLT4@? 5ac bb. *|@h@|i t|hU|h@* |4i ti
hit 4L_i*t W?  Oi i| @*Ei_tc 5)t|i4 _)?@4Ut ? iUL?L4U @?_
?@?U@* 4L_i*tc Uit|ihG ‘*i) @?_ 5L?t
O@hi)c  c @?_ Ah4Mh Ac 2ff2 Bi?ih@* 4L_i*M@ti_ *|iht uLh i 
|h@U|?} |hi?_t @?_ U)U*it ? iUL?L4U |4i tihitc +ii Lu ,UL?L4Ut
@?_ 5|@|t|Utc |L @TTi@h E||TG%%iUL?U@4@U!%u@U*|)%@hi)%T@Tiht|4
OL_hU!c + a @?_ hitUL|| ,c bb. Lt|@h N5 Mt?itt U)U*itG @?
i4ThU@* ?it|}@|L?c aLh?@* Lu L?i)c hi_| @?_ @?!?} 2ec 
S
k@ttc + , @?_ +@u|ih) ,c bbD @)it u@U|Lhtc aLh?@* Lu |i 4ihU@?
5|@|t|U@* ttLU@|L? 2ec ..bD
k|@}@@c Bc @?_ BihtU ‘c bbS 54LL|?itt ThLht @?@*)tt Lu |4i
tihit Eih*?G 5Th?}ihVih*@}
kL?c +c  ?t*i)c @?_ ‘L?} Oc bb2 L?T@h@4i|hU tT*?i hi}hittL?
| @|Lhi}hitti 4L?} @ih@}i ihhLhtc L4i|h!@ .bc DeS
kLLTc B @?_ @? #! Okc 2fff Ait|?} uLh ?|i}h@|L? t?} iL*?}
|hi?_ @?_ ti@tL?@*t 4L_i*tG @ @)it@? @TThL@Uc aLh?@* Lu ,UL?L
4i|hUt b.c 2Sb
kLLT4@?c 5 ac 5iT@h_ c @?_ #LLh?! ac bbb 5|@|t|U@* @*}Lh|4t
uLh 4L_i*t ? t|@|i tT@Ui t?} 5tu@U! 22c ,UL?L4i|hUt aLh?@* 2c
SS

kLLT4@?c 5 ac O@hi) c #LLh?! ac @?_ 5iT@h_ c 2fff 5A
Sf 5|hU|h@* A4i 5ihit ?@*)tt L_i**ih @?_ hi_U|Lh EwL?_L?G
A4Mih*@!i L?t*|@?|t w|_
@}?tc a @?_ i_iU!ih Oc bbb @|h #gihi?|@* @*U*t |
TT*U@|L?t ? 5|@|t|Ut @?_ ,UL?L4i|hUt EUit|ihG aL? ‘*i)
: 5L?t
hh@)c  ac 2ff2 )U*U@* ThLTih|it Lu @ |ihk?} *|ihi_ |4i tihitc
+ii Lu ,UL?L4Ut @?_ 5|@|t|Utc |L @TTi@h
Ah4Mhc A c 2ff2 hLTih|it Lu @ }i?ih@* U*@tt Lu t|LU@t|U U)U*itc
44iL
vL?}c c bHe +iUhti ,t|4@|L? @?_ A4i 5ihit ?@*)tt Eih*?G
5Th?}ihVih*@}
 hLht
Ai ThLht L? bS _ihi uhL4 |i Mi|@ u@4*) Lu _i?t|it @?_ @hi M@ti_ L?
i TiU|@|L?t Lu TihL_ *)?} ? |i Mt?itt U)U*i h@?}i  h@?_L4 @h@M*i
f @t @ Mi|@ _t|hM|L? | T@h@4i|iht - @?_ 7c |@| t f  qE-c7 uLh
-c7 : fc u
sEf ’
KE-n 7
KE-KE7
f-3Ef73c f 	 f 	 c
ihi KE t |i }@44@ u?U|L?
 Mi|@ _i?t|) t _i?i_ L? @? @hM|h@h) ?|ih@* E@c Kcihi @c K : fc
M) ti||?} t ’ @ n EK  @f Ai 4i@? @?_ @h@?Ui Lu |i |h@?tuLh4i_
@h@M*i @hi }i? M)
>q ’ @n EK @
-*7
-*7 n 
c j2q ’ EK @2
-7
E-n 72E-n 7 n 
Ai ThLht L? bS ihi @** UL?t|hU|i_ |L @i 4i@? Z*f ED )i@h TihL_
@?_ |L *i Mi|ii? Z*2f Ef )i@h TihL_ @?_ Z*e E2 )i@h TihL_ AihiuLhic
ED%ZEbS  Z*2f  qE-c7 Ai hi@tL? uLh UL?t|h@??} bS |L @? ?|ih@*
|? dfc Zo t |@| uhi^i?Uit ?i@h 3ihL @?_ Z @hi 4T*@tM*i 6Lh |i
e
_i ThLhc - ’ 2 6Lh |i ?|ih4i_@|i @?_ t@hT U@titc - @t ti| |L f
@?_ ffc hitTiU|i*) 7 @t |i? _i|ih4?i_ M) |i @*i Lu |i 4i@? @?_
|i ML?_@hit
Ai ThLht uLh |i @h@?Ui T@h@4i|iht j2l c j
2
Vc j
2
0 @hi 4i4Miht Lu |i ?
ih|i_ }@44@ u@4*) Ai h@?_L4 @h@M*i f @t @? ?ih|i_ }@44@
_t|hM|L? | t@Ti S @?_ tU@*i 7c _i?L|i_ f  UCESc 7c u |t _i?t|)
t }i? M)
sEf ’

KES*2E2*7S*2
Ef3

2
ESn2e37*E2fc f : f E.
Ai T@h@4i|iht S @?_ 7 _i|ih4?i |i *LU@|L? @?_ tThi@_ Lu |i _t|hM|L?
@?_ |i 4i@? @?_ @h@?Ui j2 @hi }i? M)
> ’ 7*ES 2c S : 2c j2 ’ 2>2*ES ec S : e
wL @*it Lu S ULhhitTL?_ |L *itt ?uLh4@|i ThLht Ai 4i@? @?_ @h@?Ui
Lu *f @hi }i? M) S*7 @?_ 2S*72 hitTiU|i*)
 556 @?_ ?|@* UL?_|L?t
At @TTi?_ Thiti?|t |i t|@|i tT@Ui uLh4 Lu |i U*@tt Lu 4L_i*t ? E
Ai _i?t|) Lu |i t|@|it UL?_|L?@* L? |i )TihT@h@4i|ihtc U T*@)t
@ !i) hL*i ? |i  hL|?i Thiti?|i_ ? |i ?i | @TTi?_ c t |i?
_ihi_
Ai 4L_i* _i?i_ ? i^@|L?t E |L ED i Thittit |i LMtihi_ ThLUitt
@t @ t4 Lu ?LMtihi_ UL4TL?i?|t Ai E6n2? t|@|i iU|Lh UL?|@?t
|i |hi?_c U)U*ic @?_ |i @ttLU@|i_ ThLUittit ti_ ? |ih _i?|L?c |@| t
k| ’ E >6c| >63c|    >c| ?c| 
W
?c| ?3c|    c| 
W
c| 

’ E>|c 

| Eb
#i?L|i M) k |i E6n 2?  A 4@|h uLh4i_ M) t|@U!?} |i UL4T*i|i ti|
Lu t|@|i iU|Lht Lih |i t@4T*i TihL_G
k ’ dkc c kA o E2f
At ** Mi hiuihhi_ |L @t |i t|@|i 4@|h 
D
Ai 4i@thi4i?| i^@|L? t
+| ’ 5|k| n 0| E2
ihi |i iU|Lh 5| UL?|@?t L?it ? |i ht| @?_ E6n | TLt|L?t @?_
3ihLit i*tiihi
Ai |h@?t|L? i^@|L? uLh |i |hi?_ t
>| ’ EU6 n 76>|3 n S6l| E22
ihi 76 t @ 4@|h | L?it L? |i _@}L?@* t|hT |L |i h}| Lu |i
4@? _@}L?@* @?_ 3ihLt i*tiihi A@| tc |i hL c UL*4? n i*i4i?|
Lu 76 i^@*t  uLh  ’ c c6  c @?_ @** L|ih i*i4i?|t i^@* f Ai
6  UL*4? S6 @t @ L?i ? |i *@t| TLt|L? @?_ 3ihLit i*tiihi Ai
UL@h@?Ui 4@|h Lu |i _t|hM@?Ui iU|Lh t |ihiuLhi
T @oES6l| ’ j
2
lS6S

6 E2
Ai |h@?t|L? i^@|L? uLh |i U)U*U@* T@h| Lu |i t|@|i iU|Lh t
| ’ A|3 n S? 

V|
VW|

E2e
ihi
A ’ U? 

4 ULtbS 4 t?bS
4 t?bS 4 ULtbS

n 7?  U2 E2D
Ai UL@h@?Ui 4@|h Lu |i _t|hM@?Ui iU|Lh t
T @o

S? 

V|
VW|

 ’ S?S

? 

j2V f
f j2V

Ai k@*4@? *|ih t @TT*i_ M) ?|@*t?} |i ?L?t|@|L?@h) |hi?_ iU|Lhc
>|c | @ _gti ThLh Ai ?UL?_|L?@* _t|hM|L? Lu |i U)U*U@* t|@|i
iU|Lh | @t 4i@? 3ihLc @?_ |i }i?ih@* uLh4 Lu |i UL@h@?Ui 4@|h uLh
|i ?| Lh_ih U)U*U@* t
K ’
5997
K?c? K?c?3  K?c
K?3c?   K?3c
   
Kc? Kc?3  Kc
6::8 E2S
S
| |i 2  2 M*LU! ? TLt|L? c  }i? M)
Kc ’
j2V
3S
o'f

 
o

  
o n   

42o
E 42n3 A
3c
uLh @**   c   ? tU |@|   ( tii Ah4Mh E2ff2 uLh |i ThLLu @?_
uh|ih _i|@*t L|i |@| |i M*LU! ?_i }Lit uhL4 ? @| |i |LT E*iu| |L 
@| |i ML||L4 Eh}| |L hi4@? UL?tt|i?| | |i _i?|L? Lu |i U)U*U@*
t|@|i iU|Lh Ai TTih |h@?}*@h T@h| t }i? M) |i |h@?tTLtic |@| t
Kc ’ K

c uLh   
Ai @h@?Ui Lu |i U)U*i t LM|@?i_ uhL4 |i ht| i*i4i?| ? |i |LT*iu|
M*LU!c K?c?E4c @?_ t }i? M)
@oE? ’
j2V
?3S
'f

? 

2
42
E 422?3 E2H
Ai UL?_|L?@* _i?t|) Lu |i t|@|i 4@|h c }i? |i T@h@4i|ihtc t @?
?|i}h@* T@h| Lu |i UL?_|L?@* TLt|ihLht ? |i BMMt t@4T*ihG
REkmw ’ REkmw
A\
|'2
REk|mk|3c w E2b
t ?L|i_ ThiLt*)c ?Lh4@*|) t @tt4i_ |hL}L| |i @?@*)tt Ai
_i?t|) Lu |i ?|@* t|@|i _iTi?_t L?*) L? |i U)U*U@* T@h@4i|iht t?Ui |i
|hi?_ @| |4i | ’  t _gtiG
REkmj2Vc 4c bS b mKm3*2 i TE

2

K3
Ai iU|Lh  UL?|@?t |i t|@h|?} @*it Lu |i U)U*U@* i*i4i?|t ? |i
t|@|i iU|Lh L?_|L?@* L? k|3c tL4i i*i4i?|t Lu k| @hi !?L? tL i
_i?i |i hi_Ui_ t|@|i iU|Lhc |h@?t|L? 4@|h c @?_ UL@h@?Ui 4@|h M)G
kW| ’
57 >c|c|
Wc|
68 c A W ’
57  f ff 4 ULtbS 4 t?bS
f 4 t?bS 4 ULtbS
68 c lW ’
57 j2l f ff j2V f
f f j2V
68
Ai? |i L?it|iT @i@_ _i?t|) tG
.
REk|mk|3c w ’ mlWm3*2 i T


2
EkW|  A WkW|3lW3EkW|  A WkW|3

AihiuLhic
REkmw b mKm3*2 mlWm3EA3*2 i T
+

2

K3 

2
A[
|'2
EkW|  A WkW|3lW3EkW|  A WkW|3
,
Bi? |i T@h||L?i_ t|hU|hi Lu A Wc |t U@? Mi hih||i? @t
REkmw b mKm3*2 j32EA3V j3EA3l i T
+

2

K3 

2j2V
A[
|'2
S|
,
Ef
 i T
+
 
2j2l
A[
|'2
E>c|  >c|32
,
ihi
S| ’ Ec|4 ULtbSc|34 t?bSWc|32nEWc|n4 t?bSc|34 ULtbSWc|32
  hL|?i
At tiU|L? ti|t L| |i _i|@*t Lu |i BMMt t@4T*ih ti_ |L LM|@? TLt
|ihLh _h@t @?_ UL4TL?i?| it|4@|it Ai t|iTt Lu |i  hL|?i
@hi L|*?i_c @?_ |i 4i|L_ uLh _h@?} uhL4 i@U UL?_|L?@* TLt|ihLh
_t|hM|L? t _tUtti_ #i|@*t L? t4*@|L? L|T| @hi |i? ?L|i_
W? _it}??} @? iUi?|  hL|?ic | t UL?i?i?| |L ThL_Ui _h@t
iwEc kEj uhL4 |i L?| TLt|ihLh REwc kmt  W? |t U@tic |i UL4T*i|i
UL?_|L?@* _i?t|it Lu |i T@h@4i|iht @hi !?L? T |L ThLTLh|L?@*|)c @?_
U@? Mi @?_*i_ t?} t|@?_@h_ 4i|L_t 54*@h @*}Lh|4tc U U@T|@*ti
L? |i t|@|i tT@Ui uh@4iLh!c 4@) Mi uL?_ ? @h|ih @?_ kL? Ebbe @?_
kLLT @?_ @? #! E2fff
H
Ai uLh tiU|L?t Lu |i hL|?i ULhhitTL?_ |L @ ti| Lu UL4T*i|i UL?_
|L?@* _i?t|it uLh |i L?| TLt|ihLh _i?t|) REwc kmt  A@!i? L? |ih
L?c |i @h@|it iwEj hiThiti?| _h@t uhL4 |i 4@h}?@* TLt|ihLh Lu |i
T@h@4i|ih iU|Lh 5iT@h@|i*)c |i ikEj tihi @t _h@t uhL4 REkmt 
‘i t|@h| | @? ?|@* @*i uLh |i T@h@4i|ih iU|Lhc wEf ,@U |ih@
|L?  ?L*it |i uL**L?} ti^i?Ui Lu _h@tc Lh}@?ti_ ?|L uLh t|iTtG
 kE t _h@? uhL4 REkmwEc t G
Ai t|@|i tT@Ui uLh4 Lu |i 4L_i* @t tL? ? |i ThiLt @TTi?_ 
At i?@M*it |i _hiU| @TT*U@|L? Lu |i }i?ih@* t4*@|L? t4LL|ih Lu
#hM? @?_ kLLT4@? E2ff2
2 Ai @h@?Uit ij2VEc j2lEc j20Ej @hi t@4T*i_ @t @ }hLT uhL4 |i L?|
_i?t|) REj2Vc j
2
l c j
2
0m4E3c bE3S c kEc t G
t |i ThLht L? @** T@h@4i|iht @hi @tt4i_ ?_iTi?_i?|c i t|@h| |
REj2Vc j
2
l c j
2
0m4c bSc kc t  b REt mkc wREkmwREj2VREj2lREj20 E
L?_|L?@* L? 4 @?_ bSc |i hi_Ui_ t|@|i |h@?t|L? 4@|h A
W t  i_
Ai ?UL?_|L?@* @h@?Ui Lu |i U)U*U@* T@h| Lu |i t|@|i U@? Mi h||i?
@tG
K ’ j2VT E4c bSc ? E2
ihi T t @ 2?  2? 4@|h |@| _iTi?_t L?*) L? 4 @?_ bS Ai _i|ih4?@?|
Lu K t |ihiuLhi ThLTLh|L?@* |L je?V c @?_ | uL**Lt |@|
REkmw b j32EAn?3V i T
+
 
2j2V

T 3 

2j2V
A[
|'2
S|
,
j
3EA3
l i T
+
 
2j2l
A[
|'2
E>c|  >c|3
6h|ih4Lhic
REt mkc w b j3A0 i T
+
 
2j20
A[
|'
E+|  5|k|2
,
E
Bi? ?ih|i_ }@44@ ThLht L? |i @h@?Uitc |i UL?_|L?@* TLt|ihLh
|ihiuLhi u@U|Lht ?|L |hii ?_iTi?_i?| ?ih|i_ }@44@ _i?t|it At t
hi*@|i_ |L |i _?ihti }@44@ U*@tt Lu 4L_i*t ? 6hih|5U?@||ih Ebbec
M| |i 4L_i*t ?it|}@|i_ ihi _L ?L| u@** ?|L |t U*@tt }i? |i Thiti?Ui
Lu |i U)U*U@* UL4TL?i?| Ai ti Lu |t ?@|h@* UL?}@|i uh@4iLh! L? @
b
UL?_|L?@* M@tt t4T*it |i  hL|?i W| @*tL hi4@?t i M*i t?Ui
@ MhL@_ h@?}i Lu ThLh t@Tit uLh |i @h@?Uit @hi @@*@M*i M) U@?}?} |i
t@Ti @?_ tU@*i
 i4Ej t _h@? uhL4 RE4mj2VEc j2lEc j20Ec bE3S c kEc t G
Ai T@h@4i|ih 4 _i|ih4?it L |i |i ?Lti tLU!t uii_ |hL} |L
|i U)U*U@* UL4TL?i?| Lih |4i  ?uLh4 ThLh t ti_ |L i?thi |i @*i
Lu 4 *i Mi|ii? 3ihL @?_ L?ic M| L|ihti }it ?L ?uLh4@|L? @ML| |t
*LU@|L? |? |i ?|ih@* #i?L|i |i ThLh M) RE4 Nt?} @)it |iLhi4
uLh _i?t|itc
RE4mj2Vc j2lc j20c bSc kc t  b RE4REt mkc wREkmw b RE4REkmw
RE4mj2Vc j2l c j20c bSc kc t  b RE4 mKm3*2 i T
+

2

K3 

2j2V
A[
|'2
S|
,
Ee
L|i |@| S| @?_ K ML| _iTi?_ L? 4 @t U@? Mi tii? uhL4 |i _i?|L?t
? Ef @?_ E2 Ai ti Lu @? O t|iT 4@_i | TLttM*i |L @?_*i Ee
? @ t|h@}|uLh@h_ 4@??ih  h@?_L4 @*! ThLTLt@* _i?t|) @t ti_
L|i |@| u ?uLh4@|i ThLht L? 4 ihi ti_c uLh ?t|@?Ui |L U@T|hi |i
hi*@|L?tT Mi|ii? 4 @?_ |i U)U*U@* Lh_ih ?c |i? |i @*}Lh|4 L*_
hi4@? |i t@4ic | |i tU@*i ? |i O t|iT @_t|i_
e ?@*L}Lt*) |L |i U@ti uLh 4c uLh |i uhi^i?U) T@h@4i|ih i @i
REbSmj2Vc j2l c j20c 4c kc t  b REbSREt mkc wREkmw b REbSREkmw ED
REbSmj2Vc j2l c j20c 4c kc t  b REbS mKm3*2 i T
+

2

K3 

2j2V
A[
|'2
S|
,
ES
‘| @ Mi|@ _i?t|) uLh REbSc |i UL?_|L?@* TLt|ihLh t ?L?t|@?_@h_
@t |h}L?L4i|hU u?U|L?t Lu bS LUUh |? |i i TL?i?| }@?c @? O
t|iT @t @TT*i_c | U@?__@|it }i?ih@|i_ M) @ h@?_L4 @*!
‘*i  @?_ 2 @hi t@4T*i_ t?} @ t|@?_@h_ @*}Lh|4 @?_ _hiU| BMMt
t@4T*?}c hitTiU|i*)c t|iTt  @?_ e hi^hi @__|L?@* igLh| Ai t@Ti
Lu |iti UL?_|L?@* TLt|ihLht tii4t ?U*i@h MiuLhi it|4@|L?c @?_ |ihi t
ef
*||*i ?uLh4@|L? |L }_i |i ULUi Lu @ ThLM*i4tTiUU ThLTLt@* _i?t|)
E|t L*_ 4@!i 4TLh|@?Ui t@4T*?} 4Lhi _U*| M @?_ Bhii?Mih}
EbbS _tUtt |i @TT*U@|L? Lu |i O t@4T*ih ? iUL?L4i|hU 4L_i**?}
@?_ tL i @4T*it ihi O t|iTt @hi i4Mi__i_ |?  hL|?it
| 4*|T*i M*LU!t AL hiUi?| i @4T*it @hi kLLT @?_ @? #! E2fff
@?_ Ltc @ic @?_ @? #! E2fff Ai 4i|L_ t @TThLTh@|i uLh |i
UL?_|L?@* _i?t|it Lu 4 @?_ bS t?Ui |i @*i Lu |i ?Lh4@*3?} UL?t|@?|
t ?!?L?c @?_ i U@? L?*) i@*@|i @ UL?t|@?| 4*|T*i Lu |i _i?t|)
Lh_?@|i
‘i 4T*i4i?|i_ h@?_L4 @*! U@?tc @?_ |i tU@*it ihi U@*Mh@|i_ uLh
i@U 4L_i* @?_ ThLh M@ti_ L? |i t}}it|i_ h*i Lu |4M ?L|i_ ? M
@?_ Bhii?Mih} EbbS Ai @h@?Uit uLh |i h@?_L4 @*! ??L@|L?t ihi
ti| |L @||@? @UUiT|@?Ui ThLM@M*|it Lu fefI Ai t4*@|L?t TihuLh4i_
i** |? |t h@?}ic |L} |i i @U| ULUi Lu tU@*it t ?L| UhU@* Ai
O ThLTih|it ihi @_@T|i_ |L _gihi?| ThLhtc U)U*U@* Lh_ihtc @?_ _@|@ti|tc
M) U@*Mh@|?} |i tU@*it uLh 4 @?_ bS |L hi@U |i |@h}i| h@?}i Lu @UUiT|@?Ui
 tiT@h@|i hL|?i @t _it}?i_ uLh |i  ThL}h@4 tL |@| |i O tU@*it
UL*_ Mi @_@T|i_ @|L4@|U@**) ? i@U U@ti Ai U@*Mh@|L? @t M@ti_ L?
BMMt t@4T*?} | @ t4@** ?4Mih Lu |ih@|L?t @?_ |)TU@**) hi^hi_ L?*)
@ 4?|i Lh tL L? @ Dff O3 i?|4 WWW 
W? Th@U|Uic @? @|L4@|U U@*Mh@|L? hL|?i @t ?U*_i_ ? |i ThL}h@4
|L ti| |iti |L ^@?||it Bi? Thi*4?@h) @*itc t@) ML| i^@* |L fc
|i tU@*it uLh |i 4 @?_ bS O t|iTt ihi |i? ThL}hitti*) 4ThLi_ ?|*
|i |@h}i| h@?}i Lu @UUiT|@?Ui @t hi@Ui_ At |i O ThLTih|it UL*_
Mi @|L4@|U@**) @_@T|i_ |L _gihi?| ThLhtc U)U*U@* Lh_ihtc @?_ _@|@ti|t
Ai U@*Mh@|L? @t M@ti_ L? UL4T|?} @UUiT|@?Ui h@|it uLh BMMt t@4T*?}
| @ t4@** ?4Mih Lu |ih@|L?tc @?_ |)TU@**) hi^hi_ @hL?_ @ 4?|i Lh
tL L? @  | @ Dff O3 W?|i* i?|4 WWW ThLUittLhc _iTi?_?} L? @|
tU@*it ihi |hi_ @| |i L|ti|
Ai *|4@|i ti| Lu _h@?}t iwEc kEjc  ’ c c a c ti_ ? |i ?@*
TLt|ihLh t@4T*i ihi @ tMti| Lu |i iwEc kEj ThL_Ui_ M) |i 
hL|?i AL 4ThLi |i iUi?U) Lu |i TLt|ihLh t@4T*itc 4*|T*i |ih@
|L?t Tih TLt|ihLh _h@ ihi h?c @?_ @ Uih|@? ?4Mih Lu ?|@* |ih@|L?t
ihi _tU@h_i_ @t |i U@? 4Li_ |L@h_ UL?ih}i?Ui ,@U TLt|ihLh t@4
T*i *|4@|i*) UL?tt|i_ Lu Dcfff T@h@4i|ih _h@tc @?_ @T@h| uhL4 |i t*LTi
@h@?Uic |i ULhhi*@|L?t Mi|ii? tUUitti _h@t ? |i ?@* t@4T*i |)T
U@**) ui** |L ?i@h 3ihL @u|ih t| @ ui *@}t Ai ULhhi*L}h@4t uLh |i tihit
Lu T@h@4i|ih _h@t t tL? ? }hi 2e uLh hi@* B# | ? ’  t?} |i
e
*i@t| ?uLh4@|i ThLh Ai ULhhi*L}h@4 uLh |i TihL_ |)TU@**) @TTi@hi_
t4*@h |L |@| Lu |i uhi^i?U) Ai t|@h|?} @*it uLh |i T@h@4i|iht @_
@ ?i}*}M*i 4T@U| L? |i ?@* hit*|t @tt4?} |@| T*@tM*i @*it ihi
ti_ Ai ULhhi*@|L?t uLh }ih Lh_ih U)U*U@* 4L_i*t @?_ uLh |i M@h@|i
4L_i*t @?_ @??@* _@|@ tLi_ t4*@h _iU@)?} T@||ih?t | *@} *i?}|
0 10 20 30 40 50
0.0
0.5
1.0
ACF Eta Variance 
0 10 20 30 40 50
0.0
0.5
1.0 ACF Eps Variance 
0 10 20 30 40 50
0.0
0.5
1.0
ACF Kappa Variance 
0 10 20 30 40 50
0.5
1.0
ACF Rho 
0 10 20 30 40 50
0.0
0.5
1.0 ACF Lamda 
0 10 20 30 40 50
0.0
0.5
1.0
ACF Period 
6}hi 2eG Lhhi*@|L?t Mi|ii? tUUitti TLt|ihLh _h@t uLh N5 hi@*
B# E*L}@h|4t uLh ? ’  | *i@t| ?uLh4@|i ThLh L? bS
@h}?@* *!i*LL_t 4@) Mi it|4@|i_ t?} |i TLt|ihLh L|T| k@tt
@?_ +@u|ih) EbbD @?_ #UULc k@ttc +@u|ih)c @?_ ‘@ttih4@? Ebb. _t
Utt L |L UL4T|i |i4 t?} @TThL@Uit M@ti_ L? |i w@T*@Ui 4i|L_
Ai w@T*@Ui 4i|L_c U hi*it L? @ 4*|@h@|i B@tt@? @TThL 4@|L?c
t @TTi@*?} _i |L |t t4T*U|) 6Lh Lh T@h|U*@h  t|_)c i @U|
@?@*)tt Lu UL4T*i|i UL?_|L?@* _i?t|itc U@hiu**) U@*Mh@|i_ O t|iTtc
@?_ 4*|T*i |ih@|L?t Tih _h@ i*Ti_ |L ThL_Ui @ TLt|ihLh t@4T*i |
u@Lh@M*i ThLTih|it Wu | tii4t |LL ULt|*) Lh 4Th@U|U@* |L 4|}@|i |i
?i?Ui Lu ULhhi*@|L?t @?_ L|*iht ? |i _h@tc Lh u }ih ThiUtL? t
_ithi_c |i? |i M@tU w@T*@Ui @TThL 4@|L? U@? Mi @_t|i_ ? @ @hi|)
Lu @)t 6Lh i @4T*ic u |i U@? tLt @ |i?_i?U) |L iih @@) uLh *L?}
?|ih@*tc |i? L?i 4@) ti @? it|4@|Lh Lu |i TLt|ihLh UL@h@?Ui 4@|h 
|@| t hLMt| |L 4*|@h@|i L|*iht
e2
?L|ih tLh| Lu 4i|L_ t |@| Lu M EbbD @?_ M @?_ ai*@3!L
E2ff W? |i i@h*ih ihtL?c | t @tt4i_ |@| |i UL4T*i|i UL?_|L?@*
_i?t|it U@? Mi i@*@|i_c U 4i@?t |i ?Lh4@*t?} UL?t|@?|t @hi !?L?
At t ?L| |i U@ti uLh 4 @?_ bS ? Lh 4L_i*  t4T*i _i@ 4}| Mi |L
?4ihU@**) ?|i}h@|i |L ?_ |i ?Lh4@*t?} UL?t|@?|t @| i@U |ih@|L?c
M| |t UL*_ Mi UL4T|@|L?@**) ?iUi?| Ai uh@4iLh! ? M @?_
ai*@3!L E2ff @TT*it |L BMMt t@4T*iht | O t|iTt t | M
EbbDc @__|L?@* t4*@|L?t 4t| Mi h? |L it|4@|i |i ^@?||it ?ii_i_
|L UL4T|i |i TLt|ihLh Lh_?@|ic M| ?L |i ThLTih|it Lu |i O @*
}Lh|4c ? T@h|U*@h |i hiihtM*|) Lu |i |h@?t|L? !ih?i*c @hi ti_ |L
_it}? |i hi_Ui_ U@?t
L| 4i|L_t hi^hi |i i@*@|L? Lu |i ThLh @?_ *!i*LL_c Thiuih
@M*) @| @ TL?| Lu } _i?t|) ‘i ti_ |i TLt|ihLh 4i@?c U t t4T*i
|L UL4T|i *|ih?@|i*)c |i TLt|ihLh 4L_i Lh 4i_@? UL*_ Mi it|
4@|i_ 6Lh |i M@tU w@T*@Ui 4i|L_c |i it|4@|i_ TLt|ihLh Lh_?@|i t
|i? LM|@?i_ _hiU|*) uhL4 |i t@4T*i TLt|ihLh UL@h@?Ui 4@|h  At
@TThL 4@|L?c U hi*it L? @ 4*|@h@|i B@tt@? !ih?i* @TThL 4@
|L? |L |i TLt|ihLhc t @TThLTh@|i uLh UL4T@h?} 4@h}?@* *!i*LL_t ?
U@tit ihi |i TLt|ihLh t hi*@|i*) i**Mi@i_c uLh ?t|@?Ui | t ?L|
4*|4L_@* ? @ } _i?t|) hi}L? uLh @?) Lu |i T@h@4i|iht
5|@|i 4@|h @?_ @)it@? t4LL|ih
A@!i? L? |ih L?c |i _h@t ikEj @hi @h@|it uhL4 REkmt  Ai
TLt|ihLh _i?t|) Lu k ?L*it @ tMt|@?|@* @4L?| Lu ?uLh4@|L? @t |
_itUhMit |i hi*@|L?tT @4L?} tMti|t Lu |i t|@|i iU|Lh @| @hLt TL?|t
? |4i Ai @ttLU@|i_ 4@h}?@* _i?t|it Lu |i UL4TL?i?|t @hi Lu Th4@h)
?|ihit| uLh Uhhi?| ThTLtitc M| L?i UL*_ ? |iLh) i @4?i h|@**) @?)
@tTiU| Lu |i L?| _i?t|) Lu |i U)U*U@* it|4@|it M) @ih@}?} Lih _gihi?|
u?U|L?t Lu _h@t At Tih4|t @ }hi@| _i@* Lu i M*|) ? @?@*)3?} |i
U)U*i @?_ |t hi*@|i TLt|L?t @| _gihi?| TL?|t ? |4i Ai UL?_|L?@*
4i@? Lu |i U)U*U@* UL4TL?i?|c }i? |i _@|@c hiThiti?|t |i @)it@?
UL?|ihT@h| Lu |i U*@ttU@* t4LL|ih
# *|@h@|i 4L_i*t
W? |t @TTi?_ i Thiti?| @ @)it@? |hi@|4i?| Lu |i }i?ih@* t4*@h
U)U*i 4L_i*c E2
e
# 556 @?_ ?|@* UL?_|L?t
W?|ihit| Ui?|hit L? @ @)it@? |hi@|4i?| Lu |i U)U*U@* UL4TL?i?| Ai
t|@|i iU|Lh uLh |i ?| Lh_ih t|LU@t|U U)U*i ? |i 4*|@h@|i 4L_i* t
| ’ d

?c|c c 

?c|c 
W
?c|c c 
W
?c| c 

c|c c 

c|c 
W
c|c c 
W
c| c o

’ d?c|c 

?3c|c c 

2c|c 

c|o

‘| t4*@h U)U*it ? |i  tihitc |i |h@?t|L? i^@|L? t
| ’ EA  U|3 n S? 

V|
VW|

E.
ihi V| ’ dV

| c c V

| o
c VW| ’ dV
W
| c c V
W
| o
 @hi iU|Lht Lu |i U)U*U@* _t|h
M@?Uit | |i t@4i UL@h@?Ui 4@|h c PVc @?_ Ac |i |h@?t|L? 4@|h 
? |i ?@h@|i U@tic t }i? ? i^@|L? E2D Ai ?|@* UL?_|L?t @hi
uLh4i_ M) ?L|?} |@| |i ?UL?_|L?@* _t|hM|L? Lu #| @t 4i@? 3ihL
@?_ @h@?Ui 4@|h }i? M)
P ’ T E4c bSc ?PV EH
ihi T E4c bSc ? t }i? ? E2
Ai @?@*)|U@* hit*| ? EH t 4TLh|@?| @t | i*Tt @L_ TL|i?|@*
?4ihU@* ThLM*i4t ? |i UL4T|@|L?@**) 4Lhi _i4@?_?} 4*|@h@|i
uh@4iLh! 5?Ui |i @h@?Ui 4@|h ? |i 4*|@h@|i U@ti 4@) Mi 4
4i_@|i*) LM|@?i_ uhL4 |i i ThittL? ? |i ?@h@|i ti|Tc |ihi t ?L
?ii_ |L ?ih| ih) }_4i?tL?@* 4@|hUit |@| 4@) Mi ?i@h t?}*@h
Ai ThLLu uLh EH t @t uL**Lt Ai U)U*U@* ihhLh uLh |i ?@h@|i
|h@?t|L? i^@|L? E2e @t |i uLh4 j2V uLh |i UL?t|@?| 4@|h  ’
S?S

? U2 Lhi }i?ih@**)c uLh  t4*@h U)U*itc |i UL@h@?Ui 4@|h Lu |i
ihhLh iU|Lh ? E. t  PV
Ai i ThittL? uLh |i @h@?Ui 4@|h Lu |i U)U*U@* t|@|i ? |i ?
@h@|i U@ti t j2VT E4c bSc ?c ihi T E4c bSc ? t@|tit |i i^@|L?G
T E4c bSc ? ’ AT E4c bSc ?A
 n Eb
54*@h*)c |i U)U*i @h@?Ui 4@|h ? |i 4*|@h@|i U@tic Pc t |i tL*
|L? |LG
P ’ EA  UPEA  U n P Eef
ee
Ai i^@*i?Ui | EH t tii? M) ht| |@!?} |i khL?iU!ih ThL_U| Lu
ML| t_it Lu Eb | PV |L }i
T E4c bSc ? PV ’ EAT E4c bSc ?A  PV n  PV Ee
6h|ih @*}iMh@U 4@?T*@|L? |i? )i*_t Eef
Ai _i?t|) Lu |i ?|@* t|@|i t ?L
REkmPVc 4c bS b mPm3*2 i TE
2
#
P3 #
Ai UL?_|L?@* _i?t|) Lu |i t|@|i 4@|h c }i? |i T@h@4i|ihtc t
REkmPlcPVc 4c bS b mPm3*2 mU2  PVm3EA3*2 mPl m3EA3*2 Ee2
 i T
+

2
#
P3 # 

2
A[
|'2
U|EU2 PV3U|
,
 i T
+

2
A[
|'2
Ec|  c|3P3l Ec|  c|3
,
ihi U| ’ #c|  EA  U#c|3
Ai t44@|L? ? |i U)U*U@* T@h| 4@) Mi h||i? @t
A[
|'2
U|EU2 PV3U| ’
A[
|'2
|o

EU2 P3V U|U|

’ |oEP3V Uc|U

c| n |oEP
3
V U2c|U

2c|
ihi U| ’

Uc| U

2c|

 6Lh |t T@h||L? Lu U|c |i TTih @*u Uc| E  
ULhhitTL?_t |L |i  U)U*itc |@| t #c| ’ d

c|c c 

c|o
c @?_ |i *Lih @*u
U2c| |L |i @ *@hitc #
W
c| ’ d
W
c|c c 
W
c| o

At |i U)U*U@* T@h| Lu |i UL?_|L?@* _i?t|) Lu k 4@) Mi h||i? @t
REkmPVc 4c bS b mT E4c bSc ? PVm3*2 mU2  PVm3EA3*2
 i T


2
#
 dT E4c bSc ? PVo3# 

2
|o

P3V C

eD
ihi
C ’
A[
|'2
EUc|U

c| n U2c|U

2c|
5?Ui
mT E4c bSc ? PVm ’ mT E4c bSc ?m mPVm2?
@?_ mU2  PVm ’ mPVm2 i @i
mT E4c bSc ? PVm3*2 mU2  PVm3EA3*2 ’ mT E4c bSc ?m3*2 mPVm3E?nA3
wi| |i i*i4i?|t Lu M*LU! c  Lu T E4c bSc ? Mi _i?L|i_ M)
T E4c bSc ?c ’

T E4c bSc ?c T E4c bSc ?cW
T E4c bSc ?Wc T E4c bSc ?WcW

Ai UL4T*i|i U)U*U@* t|@|i iU|Lh @| i@U | t T@h||L?i_ @t
#| ’ d

?c|c c 

?c|c 
W
?c|c c 
W
?c| c 

c|c c 

c|c 
W
c|c c 
W
c| c o

’ d#?c|c#
W
?c|c#

?3c|c c#

c|c#
W
c|o

Ai |ih4 ?L*?} |i ?|@* t|@|i iU|Lh ? |i i TL?i?| 4@) Mi h||i?
@t
#
 dT E4c bSc ? PVo3# ’

2
|oEP3V M Ee
ihi |i E   4@|h M t }i? M)
M ’
?[
'
E
?[
'
T E4c bSc ?
3
c#c#

c n
?[
'
T E4c bSc ?
3
cW#
W
c#

c
n
?[
'
E
?[
'
T E4c bSc ?
3
Wc#c#
W
c n
?[
'
T E4c bSc ?
3
WcW#
W
c#
W
c
At i ThittL? t _ihi_ M) ht| ?L|?} |@|
dT E4c bSc ? PVo3 ’ |o

ET E4c bSc ?
3  P3V ##

eS
?Ui |i khL?iU!ih ThL_U| @?_ 4*|T*U@|L? @hi @TT*i_c |i t4 Lu |i
_@}L?@* i*i4i?|t }it Ee
Ai t44@|L? uLh |i |hi?_ T@h| Lu |i UL?_|L?@* _i?t|) U@? t4*@h*)
Mi h||i? @t
A[
|'2
Ec|c|3P3l Ec|c|3 ’
A[
|'2
|o

P3l Ec|  c|3Ec|  c|3

W? t44@h)c |i UL?_|L?@* _i?t|) Lu |i t|@|i 4@|h t
REkmPVc 4c bS b mT E4c bSc ?m3*2 mPVm3E?nA3 i T


2
|oEP3V dCnMo

Eee
 mPl m3EA3*2 i T
+

2
|o
#
P3l
%
A[
|'2
Ec|  c|3Ec|  c|3
&$,
#2 hLht
Ai ThLht L? bS @?_ 4 hi4@? |i t@4i @t uLh |i ?@h@|i @)it@? |hi@|
4i?| W?ih|i_ ‘t@h| ThLht @hi ti_ uLh |i @h@?Ui 4@|hUit At
U*@tt Lu _i?t|) hiThiti?|t @ }i?ih@*t@|L? Lu |i ?ih|i_ }@44@ U*@ttc @?_
|i ?@|h@* UL?}@|i ThLTih|) i |i?_t |L |i 4*|@h@|i 4L_i*
 h@?_L4 4@|h P E   t _t|hM|i_ @t @? ?ih|i_ ‘t@h|c _i
?L|i_ M) P  U‘ ESc5c u uLh TLt|i _i?|i t)44i|hU P |i _i?t|)
u?U|L? t }i? M)
sEP ’ U` ESc5(
3 mPm3 2 ESnn i T


2
|oEP35

c
U` ESc5( ’ 2

2
SZ

e
E3
\
'
KE
S n 
2
 m5m3 S2 EeD
L|i |i t4*@h|) | |i ?L|@|L? uLh |i ?ih|i_ }@44@( ? EeD 5
hiThiti?|t |i t@Ti 4@|h c @?_ i? |i _4i?tL?  ’ c |i uLh4*@
hi_Uit |L E.
W?_iTi?_i?| U‘ ThLht @hi @tt4i_ uLh |i @h@?Ui 4@|hUit | Sl ’
SV ’ S0 ’ f
3. @?_ 5l ’ 5V ’ 50 ’ f
3.U 
e.
#  hL|?i
Ai UL?_|L?@* _i?t|) Lu k t tL? ? Eee Ai L?| _i?t|) Lu |i
LMtih@|L?t }i? |i )TihT@h@4i|iht @?_ k t @ _hiU| i |i?tL? Lu |i
?@h@|i i ThittL?G
REt mkc w b mP0m3A*2 i T
+

2
A[
|'
|o

P30 E+|  5|k|E+|  5|k|
,
Ai L?| TLt|ihLh Lu iPl cPVcP0j u@U|Lht ?|L @ ThL_U| Lu ?ih|i_
‘t@h| _i?t|it | t@Ti @?_ tU@*i 4@|h T@h@4i|iht }i? M)
Pl G S
W
l
’ S
l
n EA  c 5Wl ’ 5l n
A[
|'2
Ec|  c|3Ec|  c|3
PV G S
W
V ’ SV n 2E?n A  c 5WV ’ 5V nCnM
P0 G S
W
0
’ S
0
n A c 5W
0
’ 5
0
n
A[
|'
E+|  5|k|E+|  5|k|
eH
